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INTRODUCTION 




Modern Refrigeration and Air Conditioning provides a thorough and authoritative course 
on the basic and advanced principles of refrigeration and air conditioning. 

As the technology in the field has advanced, so has the leading text in the educational field, 
Modern Refrigeration and Air Conditioning, it contains all the most recent information and 
advances that are necessary to prepare the technician for today's world. It incorporates the latest 
technical changes and EPA rulings, covers the newer refrigerants, and provides current informa- 
tion on the recovery, reclaiming, and recycling of refrigerants. It contains basic information on 
numerous certification exams. 

Modern Refrigeration and Air Conditioning presents all these principles in a very easily 
understood format. To make this book more "user friendly," the type face has been enlarged, 
and the readability improved. Sentences and paragraphs have all been reviewed so that compre- 
hension is maximized. This edition retains the sequence of topics that has proven successful. Some 
of the material has been correlated into modules to help you obtain a better understanding of 
the subject. 

AH drawings have been coded to a standard color scheme to aid in recognition of items. 
The safety sections are highlighted in red, as in the past; the service features are identified with 
blue. Current cylinder color coding is given for each refrigerant. 

An expanded table of contents is one of many features designed to enhance the learning 
process. Each chapter has an identification of key words you will encounter in that chapter. Learn- 
ing objectives also are provided for each chapter. Test Your Knowledge questions appear at the 
end of each chapter. 

Modern Refrigeration and Air Conditioning is written using both U.S. Conventional and 
SI Metric units. The metric equivalent appears alongside the conventional unit throughout the 
textbook. This allows you to use the system with which you are most familiar. 

Modern Refrigeration and Air Conditioning is intended for use in refrigeration and air 
conditioning classes in high schools, technical schools, and community colleges. It may also be 
used in adult education classes and apprenticeship programs. It provides the foundation on \vhich 
a solid, thorough knowledge of refrigeration and air conditioning may be based. It also provides 
an excellent basis of information for you in the areas of servicing and troubleshooting. 

Beginners and apprentices will find in Modern Refrigeration and Air Conditioning an ex- 
cellent aid for starting and pursuing a pleasant and profitable career. Experienced service tech- 
nicians will find it a valuable gtude and reference. 

Congratulations on selecting the best selling, most popular book on refrigeration and air 
conditioning! Modern Refrigeration and Air Conditioning will guide you to a successful career 
and provide you with a valuable reference in the profession. 



HOW TO USE THE COLOR KEY 



Colors are used throughout Modern Refrigeration and Air Conditioning to help show dif- 
ferent states and conditions of gases and liquids. Other colors indicate electrical mechanical, and 
special components. The following key shows what each color represents. 

System Schematic for Refrigeration and Heating 
Operating Medium 

High-Pressure Liquid [Dark Red] 

High-Pressure Vapor | Light Red] 

Low-Pressure Liquid [Dark Blue] 

Low-Pressure Vapor [Light Blue] 

Low-Pressure Water [Dark Green] 

Low-Pressure Steam [Light Green] 



Absorption Systems 

High-Pressure Water and Ammonia (Weak Solution — Hot) 

Low-Pressure Water and Ammonia (Strong Solution— Cold) 



[Brown-Red] 
[Turquoise] 



Circulating Medium 

Cold 
[Dark Green 

Hot 

[Dark Red] 

Warm 

[Red] 



XXX 
XXX 



XXX 
XXX 
XXX 



Liquid 
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Ah 



W; 

** 7 
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Vapor 



Miscellaneous 

Fuel 
[Dark Brown] 

Ah Pressure 
[Orchid] 



□ 
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Electrical Controls 

Highlight System 
Specific Components 

Mechanical 



Hame 
[Red /Yellow] 

Brick and Wood 
[Light Brown] 



[Violet] 

[Lime Green] 



Highlight System [Blue-Gray] 
Specific Components [Light Orange] 

Special Components 

Highlight System [Yellow] 

Specific Components [Dark Orange] 



fee 
[Light Cyan] 

Insulation 
[Pink] 



□ 
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CAREER OPPORTUNITIES 
IN HEATING, VENTILATING, 
AIR CONDITIONING, 
AND REFRIGERATION 




In the past fifty years, the heating, ventilating and 
air conditioning (HVAC) field has experienced massive 
technological change. It has gone from the era of the ice- 
man to that of the educated and highly trained techni- 
cian. See Figures A and B. 

The most rapid advances have occurred in the last 
ten years. Today's technician needs more than a small 
box of tools and a cylinder of refrigerant. You must now 
have a broad background in working with computer- 
ized, automated electronic HVAC equipment. 

Many of the recent changes in the HVAC field are 
due to rapid changes in technology and a growing con- 
cern for the environment. Scientists have warned that 




continued release of refrigerants to the atmosphere will 
destroy the earth's ozone layer. This layer, located 
approximately 35 miles above the ground, protects 
the earth from the damaging ultraviolet rays of the sun. 
Destruction of the ozone layer would affect humans, 
animal, plants, and sea life. 

To prevent continuing damage to the ozone layer, 
laws have been passed governing the types of refriger- 
ants manufactured and how they can be used. New 
equipment has been developed that requires skill and 
training for proper operation. 

A technician today must be familiar with the com- 
plex electronic devices used in refrigeration systems. It 
is common to see fully automated heating and cooling 
systems in homes. These systems can be set for varying 
temperatures and humidity levels for each individual 
room. Commercial buildings are using computerized 
systems that are even more sophisticated. 




Figure A. Only a half-century ago, the iceman was a 
familiar figure in most neighborhoods, delivering blocks 
of ice to keep food cold. (Edward Hulyk Studio) 



Figure B. Today's HVAC technician must be able to 
work with computer-controlled electronic systems and 
use sophisticated diagnostic and charging equipment. 
(Ridge Tool Company) 
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Importance of Refrigeration 
and Air Conditioning 

There are few phases of modern living untouched 
by refrigeration and air conditioning. Business opera- 
tions, manufacturing processes, storage, and shipping 
are almost always carried out today under controlled- 
temperature conditions. Skilled specialists are required 
to design, install, and maintain controlled environ- 
ments in enclosed areas that range from homes to space 
satellites. The use of computerized equipment has in- 
creased the need for facilities that are totally energy- 
controlled. 

The refrigeration and air conditioning industry 
helps make possible this system of living. Air condi- 
tioning has improved business and industrial efficiency, 
while adding to human comfort. More and more facto- 
ries and heavy industries are being air conditioned. The 
present scale of farming is made possible, to a great ex- 
tent, by the use of air-conditioned tractor cabs and 
refrigerated harvesting equipment. Many fruits and veg- 
etables are refrigerated immediately upon being har- 
vested. The quality of such products is much better for 
this reason. 

Cooling and freezing of meat and meat products 
makes possible their handling in a much more sanitary 
way than would be possible without mechanical refrig- 
eration. Beverages, desserts, and even staple foods 
are all at least partially processed by refrigeration 
equipment. 

Designing, manufacturing, selling, installing, and 
maintaining this equipment provides for many many 
jobs that did not exist less than a generation ago. Op- 
portunities for employment in writing specifications for 
refrigeration and air conditioning equipment and selling 
this equipment have naturally grown with the industry. 
Since refrigeration is used in so many enterprises, It fol- 
lows that anyone who has to work in these industries 
must be familiar with the basic air conditioning and re- 
frigeration processes. All the careers in this field are 
available to anyone interested, regardless of race, creed, 
color, or sex. 



The Air Conditioning and 
Refrigeration Industry 

The air conditioning and refrigeration industry is 
usually divided into three areas: 

• Domestic. 

• Commercial. 

• Industrial. 

The domestic field covers home refrigerators, freez- 
ers, and window air conditioners. 

The commercial field includes all small automatic 
systems. Such systems are used for stores, supermar- 



kets, domestic central air conditioning, water coolers, 
beverage coolers, marine refrigeration and air condi- 
tioning, automotive air conditioning, and truck refrig- 
eration and air conditioning systems. See Figures C, 
and D. 

The industrial field includes large processing and 
air conditioning systems, packing plants, cold storage, 
and ice rinks. These systems require the attention of a 
refrigeration operating engineer. See Figure E. 

Career Opportunities 

Some of the opportunities for employment in refrig- 
eration and air conditioning include: 



Jobs at various levels: 



Senior skilled. 
Skilled. 

Technicians. 



Supervisors. 
Professional personnel. 



Various specialties (partial list): 



Engineers. 
Technicians. 
Test technicians. 
Sales engineers. 
Application 
engineers. 
Installers. 
Testers. 
Maintenance 
technicians. 
Service persons. 
Repair specialists. 
Assistants. 



Wholesalers. 

Sales engineers. 
Salespersons. 
Counter persons. 
Parts persons. 
Shipping and 
receiving per- 
sons. 

Operating engineers. 
Refrigeration. 
Industrial. 

Sheet metal experts. 
Assistants. 




Figure C. Two service technicians repairing a rooftop 
air conditioning unit. (Superior Contract Services, Inc.) 
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Figure D. Installation and servicing of home air conditioners is one of the many careers open to a person with 
knowledge and hands-on training in refrigeration and air conditioning. (Lennox International, Inc.) 




Figure E. An air movement system being installed. A sales engineer was required to select and specify the proper 
equipment, and skilled workers were needed to install it. A service technician will he needed to periodically service 
and maintain the system. (Knauf Fiber Class GmbH). 
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HVAC and Refrigeration Job 
Descriptions 

As you might expect, the responsibilities of per- 
sons working in the heating, ventilating, and air condi- 
tioning industry will vary greatly So will the kind of 
work that is done. 

Consider air conditioning, heating, and refriger- 
ation technicians, for example. Working under the 
supervision of engineers, they help design, manu- 
facture, sell, and service equipment. Often, a techni- 
cian will specialize in one area, such as research and 
development. 

Those working in manufacturing may design and 
test or supervise production of equipment. They may 
also work as manufacturer's representatives or field 
salespersons. In such cases, responsibilities would 
typically include supplying contractors and engi- 
neering firms with data on installation, maintenance, 
operating costs, and performance specifications of 
equipment. 

Some technicians are employed by contractors to 
help design and prepare installation instructions. Oth- 
ers work in customer relations and may be responsible 
for supervising the installation and maintenance of 
equipment. 

Another group employed by the industry works on 
installation and service. They travel about in service 
trucks, servicing units in homes, offices, schools, and 
other buildings. This group includes; 

Air conditioning and refrigeration technicians. 
These workers install and repair units ranging in size 
from small window air conditioners up to large central 
systems. They must follow blueprints and specifica- 
tions to install motors, compressors, evaporators, and 
other components. They connect ducts, refrigerant 
lines, and piping, as well as make power hookups. In 
event of breakdown, they find the cause and make 
repairs. 

Furnace installers or heating equipment installers. 
They read blueprints and specifications and install oil, 
gas, and electric heating. Installation work includes 



placement of fuel supply lines, air ducts, pumps, and 
other parts of a heating system. After connecting the 
electrical wiring and controls, they check units for 
proper operation. 

Oil heating system technicians. These technicians 
keep oil-fueled heating systems in good working order. 
Their work varies with 'the season. In fall and winter, 
they service and adjust burners. During the summer, 
they service the heating unit, replace oil and air filters, 
and vacuum vents, ducts, and other parts of the 
system. 

Gas heating system technicians or gas appliance 
service persons. Their duties are similar to those of an 
oil burner technician. They determine why a burner will 
not work and adjust or repair it. 

Cooling and headng systems are sometimes in- 
stalled or repaired by other types of technicians or 
tradespeople. For example, ductwork on a large heat- 
ing or air conditioning job may be done by sheet 
metalworkers; electrical work by an electrician; and 
piping by pipe fitters. This is often the case on large 
installations where union members of the building 
trades are involved. 



Educational Requirements 

To qualify for employment, the technician should 
have strong communication skills, a good grasp of prac- 
tical mathematics, and some physics and chemistry 
knowledge. A minimum requirement is at least a one- 
year training program in refrigeration, heating, and air 
conditioning systems. The program should include both 
theory and hands-on laboratory work. Figure F provides 
a graphic representation of employment opportunities in 
the refrigeration and air conditioning fields. 

Specific employment information is available from 
the nearest branch of the United States Employment Ser- 
vice and the local State Employment Service. Local 
school or public libraries also offer reference materials 
such as the Dictionary of Occupational Titles and the 
Occupational Outlook Handbook. 
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JOB TITLES 




Outside Sales Engineer 

Outside Sales Tech. or Rep. 

Inside Sales Representative 

inside Sales Order Desk/Counter 

Estimator 

Sales Manager 

Administration 

Application EngineerTech. 

Draftsman — Layout 

Consulting/Design Engineer 

Project Manager 

Purchasing 

Production 

Inspector 

Job Foreman or Supervisor 

Specification Writer 

Field Service & Installation 

Shop Service and Repair 

Journeyman-Technician 

Apprentice Technician 

Service Manager 

Lab. Technician/Technologist 

Research & Development 

Service Salesperson 

Inventory Control 



CONSULTING 

5,7,9,10, 11, 

14, 16 



CONTRACTING 
5,7,8,9,10,11, 
12,15,17,19,20 



SERVICING 

1,2,3,4,5,6,7, 

8, 15, 17, 18, 19, 

20, 21, 24 



MANUFACTURING 

1,2,3,4,5,6,7, 

8,9,10,12,13, 

14,17,18,19,20, 

21,22,23,24,25 



MERCHANDISING 

& SALES 

1,2,3,4,5,6,7, 

8, 12, 25 



GOVERNMENT 

& UTILITIES 

3,7,8,9,10, 11, 

12,14,16,19,20, 
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Consulting 

Companies devoted to designing 
and engineering the heating, cool- 
ing, ventilating, plumbing, and elec- 
trical systems tor buildings. Includes 
preparation of drawings, specifica- 
tions, estimate of cost, supervision 
of installation, and final approval. 



Contracting 

Companies that sell and install 
mechanical systems. Includes 
installation and fabrication of 
system components, preparation 
of drawings, estimation of costs, 
and supervision of installation 
according to specifications. 



Servicing 

Companies that repair and maintain 
mechanical systems. Includes 
repair and maintaining of system 
components, sale and installation 
of replacement components for 
economic and efficient system 
operation. 



Manufacturing 

Companies that purchase raw 
material or components and fabri- 
cate or assemble into equipment for 
sale. Includes sales and marketing, 

production, design, and research 
development. 

Merchandising and Sales 

Companies which promote and sell 
equipment and components which 
have been manufactured by others. 
Includes sales promotion, adver- 
tising, warehousing, and technical 
assistance. 



Government and Utilities 

Governments, utilities, and other 
agencies provide their own con- 
sulting and servicing functions, set 
standards, test equipment, and ap- 
prove installations. 



Figure F. Employment opportunities in the refrigeration and air conditioning field. (American Society of Heating, 
Refrigerating, and Air-Conditioning Engineers) 
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As the technology in the heating, refrigerating, and air conditioning field has changed, so has the leading textbook 

in the field, Modern Refrigerating and Air Conditioning, This edition of the highly acclaimed text contains 

the most recent information and advances in the field, including technical changes, technician certification, EPA 

rulings, and recovery, recycling, and reclaiming of refrigerants. (Skye/USA) 
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FUNDAMENTALS OF 
REFRIGERATION 



Modules: 

History and Fundamentals of Refrigeration 
Temperature, Pressure, and Measurement . 
Refrigeration Systems and Terms 



.25 
.28 
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Key Terms: 

Btu 

condenser 
evaporator 

horsepower 
latent heat 



power 
pressure 
refrigerant 
sensible heat 
temperature 



Learning Objectives: 

By studying this chapter, you will be able to: 

♦ Describe the early development of refrigeration. 

♦ Discuss the basic physical, chemical, and engineer- 
ing principles which apply to refrigeration. 

♦ Explain how cold preserves food. 

♦ Define basic refrigeration terms. 

♦ Explain principles of heat transfer, 

♦ Compare Fahrenheit, Celsius, Kelvin, and Rankine 
temperature scales. 

♦ Use temperature conversion formulas to convert from 
one temperature scale to another. 

♦ Determine area and volume of cabinets. 

♦ Explain the difference between psia (absolute pres- 
sure) and psig (gauge pressure). 

♦ Describe the basic operation of a refrigerator. 

♦ Discuss the differences between sensible heat, spe- 
cific heat, and latent heat. Describe their applications. 

♦ Explain physical laws which apply to refrigeration. 

♦ Demonstrate and explain the relationship between SI 
metric and U.S. conventional measurement. 

♦ Recognize and use various symbols for SI metric units 
of measure. 

♦ Make conversions between U.S. conventional and SI 
metric systems of measurement. 

♦ Calculate the enthalpy of water at a variety of tem- 
peratures. 

♦ Follow approved safety procedures. 




Users of this text who are unfamiliar with SI met- 
rics have no cause for concern. Conventional measure- 
ments are carried alongside the metric. Reference is 
made to Chapter 31 as problems arise affecting metric 
usage. 
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HISTORY AND 
FUNDAMENTALS OF 
REFRIGERATION MODULE 



1 .1 Development of Refrigeration 

Modem refrigeration has many applications. The 
first and probably still the most important, is the pres- 
ervation of food. 

Most foods kept at room temperature spoil rapidly. 
This is due to the rapid growth of bacteria. At common 
refrigeration temperatures of about 40°F (4°C), bacteria 
grow quite slowly Food at this temperature will keep 
much longer. Refrigeration preserves food by keeping it 
cold. 

Other important uses of refrigeration include air 
conditioning, beverage cooling, and humidity control. 
Many manufacturing processes also use refrigeration. 

The refrigeration industry became important com- 
mercially during the 18th century. Early refrigeration 
was obtained by use of ice. Ice from lakes and ponds 
was cut and stored in the winter in insulated storerooms 
for summer use. 

The use of natural ice required building insulated 
containers or iceboxes for stores, restaurants, and homes. 
These units appeared on a large scale during the 19th 
century. 

Ice was first made artificially about 1820 as an ex- 
periment. Not until 1834 did artificial ice manufacturing 
become practical. Jacob Perkins, an American engineer, 
invented the machine which led to our modern compres- 
sion systems. Michael Faraday discovered the principles 
for the absorption type of refrigeration as early as 1824. 
It was not actually built until 1855 by a German engi- 
neer. 
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Modem Refrigeration and Air Conditioning 



Little artificial ice was produced until shortly after 
1890. During 1890, a warm winter resulted in a short- 
age of natural ice. This helped start the mechanical ice- 
making industry. 

Mechanical domestic refrigeration first appeared 
about 1910. J.M. Larsen produced a manually operated 
household machine in 1913. By 1918 Kelvinator pro- 
duced the first automatic refrigerator for the American 
market. They sold 67 machines that year. Now millions 
of units are sold each year. 

The first of the sealed or "hermetic" automatic re- 
frigeration units was introduced by General Electric in 
1928. It was named the Monitor Top. 

Beginning with 1920, domestic refrigeration became 
an important industry. The Elecrrolux, which was an au- 
tomatic domestic absorption unit, appeared in 1927. 

Fast freezing to preserve food for extended periods 
was developed about 1923. This marked the beginning 
of the modern frozen foods industry. Automatic refrig- 
eration units, for the comfort cooling part of air condi- 
tioning, appeared in 1927, 

Mechanical refrigeration systems were first con- 
nected to heating plants to provide summer cooling 
in the late 1920s. By 1940, practically all domestic 
units were of the hermetic type. Commercial units 
had also been successfully made and used. These 
units were capable of refrigerating large commercial 
food storage systems. They could provide comfort 
cooling of large auditoriums. They could also pro- 
duce low temperatures used in many commercial op- 
erations. 

In 1935, Frederick McKinley Jones produced an au- 
tomatic refrigeration system for long-haul trucks. From 
a small, slow start in the late 1930s, air conditioning of 
automobiles has also grown rapidly 

Starring in the 1960s, the home air conditioning 
market experienced tremendous growth. Energy was in- 
expensive, and therefore, simple air conditioning be- 
came common in many homes. Solar energy and other 
alternative energy sources became additional sources for 
powering hearing and cooling systems. 

Due to a tremendous growth in technology, by 1990 
all areas of refrigeration and air conditioning were us- 
ing microprocessor control systems. The purpose of 
these systems is to increase reliability and efficiency of 
the hearing and cooling units. By 1990, the automobile 
air conditioner became as standard as the automatic 
transmission. 



1.2 How a Mechanical 
Refrigerator Operates 

There are four basic parts in a mechanical refrigera- 
tion system. The compressor pumps refrigerant vapor. 
The condenser releases heat from the refrigerant, similar 
to a vehicle's radiator releasing heat from the cooling 



system. The refrigerant control releases liquid refriger- 
ant when it is needed . Finally, the evaporator is the area 
that absorbs heat. 

Removing heat from inside a refrigerator is some- 
what like removing water from a leaking canoe. A 
sponge may be used to soak up the water in the canoe. 
The sponge is held over the side, squeezed, and the wa- 
ter is released overboard. The operation may be repeated 
as often as necessary. This transfers the water from the 
canoe into the lake. 

In a refrigerator, heat instead of water is trans- 
ferred. Inside the refrigerating mechanism, heat is 
absorbed. It is "soaked up" by evaporating the liquid 
refrigerant in the evaporator (cooling unit). This occurs 
as the refrigerant changes from a liquid to a vapor 
(gas), Figure 1-1. 

The refrigerant, which has absorbed heat, has now 
turned into a vapor. It is pumped into the condensing 
unit located outside the refrigerated space. The con- 
denser works the opposite of the evaporator. In the 
evaporator, the refrigerant enters as a liquid, absorbs 
heat, and flows out the other end as a vapor. By the rime 
it reaches the end of the evaporator, it is all a vapor. Now 
this vapor flows into the condenser under a high pres- 
sure and high temperature. The vapor gives up its heat 
to the surrounding air. As it reaches the end of the con- 
denser, the refrigerant is now cooled. It has become a 
liquid again. We say that, in the condenser, the heat is 
"squeezed out." This cycle repeats until the desired tem- 
perature is reached. 

Heat enters a refrigerator in many ways. It leaks 
through the insulated walls or enters when the door is 
opened. Still more heat is introduced when warm sub- 
stances are placed in the refrigerator. 

Heat is not destroyed to make the refrigerator cold. 
It is simply removed from the refrigerated space and re- 
leased outside. 



1.3 Color Coding System in this Text 

When presenting refrigeration systems illustrations 
like Figure 1-1, a common color coding system will be 
followed in this text: 

Dark Red — High-Pressure Liquid ■ 

Light Red — High-Pressure Vapor ■ 

Dark Blue — Low-Pressure Liquid ■ 
Light Blue — Low-Pressure Vapor 

The following paragraphs will provide the techni- 
cal foundation needed to understand the heat removal 
operation. This background is important for service and 
repair. 

Service managers of refrigerating and air condition- 
ing companies prefer service and installation technicians 
who are good mechanics. Knowledge of the principles 
of mathematics and physics as these apply to refrigera- 
tion is also important. 



Chapter 1 Fundamentals of Refrigeration 



27 



Thermostatic 
Expansion N 
Valve 






_^^^ 



£ 



".«-*, f ■ «*f^. rfl^». -T^N 

_ y 




Evaporator 






Insulated 
Cabinet 



Condenser 



Suction 
Line 



Motor 
Compressor 






High-Pressure 
Vapor 



□ 



Low- Pressure 
Vapor 




□ High-Pressure 
Liquid 



Low-Pressure 
Liquid 



Figure 1-1 . Elementary mechanical refrigerator. In operation, liquid refrigerant under high pressure (dark red) flows 
from liquid receiver to pressure reducing valve (refrigerant control) and into evaporator. Here pressure is greatly 
reduced (dark blue). Liquid refrigerant boils and absorbs heat from evaporator. Now a vapor, refrigerant (light blue) 
flows back to compressor and is compressed to high pressure (light red). Its temperature is greatly increased, in the 
condenser, heat is transferred to the surrounding air and the refrigerant cools, becoming liquid again, it flows back into 
the liquid receiver and the cooling cycle is repeated. 



1 .4 Heat 

Heat is a form of energy. It has a relationship to the 
atom, the smallest indivisible part of an element. ("Indi- 
visible" means if an atom was broken down into more 
pieces it would no longer be that element.) All substances 



are made up of tiny atoms, which combine to make mol- 
ecules. All the atoms are in a state of rapid motion. 

As the temperature of a substance increases, the at- 
oms move more rapidly. As the tempera hire drops, they 
slow down. If all heat is removed from a substance (ab- 
solute zero), all molecular motion stops. 
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The U.S. conventional unit of heat is the British 
thermal unit (Btu). The metric unit of heat is the joule 
(}). If a substance is warmed, heat is added; if cooled, 
heat is removed. 

The amount of heat in a substance equals the mass of 
the substance multiplied by its temperature. The amount 
of heat in a substance may greatly affect the nature of 
the substance. Adding heat causes most substances to 
expand. Removing heat causes them to contract. 

Most substances change their physical state with 
the addition or removal of heat. For instance, water ice 
is a solid (under atmospheric pressure at a temperature 
below 0°C). If heat is added to the ice, it will melt and 
become water (a liquid). Further, addition of heat will 
cause the water to turn into a vapor (steam). The 
compression-type refrigeration cycle makes use of this 
principle in its operation. 

1.4.1 Heat Flow 

Heat always flows from a warmer to a cooler sub- 
stance. The faster moving atoms give up some of their 
energy to slower moving atoms. Therefore, each fast 
atom slows down a little and the slower one moves a 
little faster. 

Heat causes some solids to become liquids or gases, 
or liquids to become gases. Cooling will reverse the pro- 
cess. The atoms making up the molecules of these sub- 
stances act in a different way to temperature. Instead of 
moving faster or slower, one or more of the atoms in the 
molecule shift their positions. 



1.5 Cold 

Cold means low temperature or lack of heat. Cold 
is the result of removing heat. A refrigerator produces 
"cold" by drawing heat from the inside of the refrigera- 
tor cabinet. 

The refrigerator does not destroy the heat. It pumps 
heat from the inside of the cabinet to the outside. Heat 
always travels from a substance at a higher temperature 
to a substance at a lower temperature (second law of 
therm odynamics — see Chapter 31). Heat cannot travel 
spontaneously from a cold body to a hot body. 

1.5.1 Cold Preserves Food 

Spoiling of food is actually the growth of bacteria 
in it. As the molecules move slowly, they have an im- 
portant effect on the bacteria present in most foods. 
Slowing movement by cooling the molecules makes all 
organisms more sluggish. Cold, or low temperature, 
slows down the growth of these bacteria. Foods, thus, 
do not spoil as fast. If the bacteria can be kept from in- 
creasing, the food will be edible longer. Often, a small 
change in temperature (just a few degrees) can make a 
large difference in the growth rate of bacteria. 

Most foods contain a considerable amount of wa- 
ter. Food, therefore, must be kept slightly above freez- 
ing temperatures (32°F, 0°C). 



If food is frozen slowly at or near the freezing point 
of water, the ice crystals formed are large. Their growth 
breaks down the food tissues. When defrosted, it spoils 
rapidly; appearance and taste are ruined. 

Fast freezing at very low temperatures, to -15T 
(-18 to -26°C), forms small crystals which do not 
injure the food tissues. Food freezers are maintained at 
or below 0°F {— 18°C). Food placed in freezers will 
freeze quickly. Keep in mind the difference between 
refrigerating and freezing. Tire correct refrigerating 
temperature for fresh food is 35°F (1.7*0 to 45°F 
(7,3°C). To make ice, a temperature lower than 32°F 
(0°C) is needed. 












1.6 



TEMPERATURE, PRESSURE, 
AND MEASUREMENTS 
MODULE 

Temperature and Temperature 
Measurement 



Temperature measures the heat intensity or heat 
level of a substance. Temperature alone does not give 
the amount of heat in a substance. It indicates the 
degree of warmth, or how hot or cold the substance or 
body is. In the molecular theory of heat, temperature 
indicates the speed of motion of the molecules. It is 
important not to use the words "heat" and "tempera- 
ture" carelessly. 

Temperature measures the speed of motion of the 
atom. Heat is the thermal energy of the atom multiplied 
by the number of atoms (mass) so affected. 

For example, a small copper dish weighing a few 
grams, heated to 1340°F (727°C) does not contain as 
much heat as 5 kilograms of copper heated to 284°F 
(140 C C). However, its heat level is higher. Its intensity of 
heat is greater. 

The U.S. conventional unit of temperature is the de- 
gree Fahrenheit. The SI unit of temperature is the kelvin 
(K). The temperature intervals (space between degrees) 
on the Kelvin scale are the same as Celsius. 

Temperature is measured with a thermometer. 
This is usually through uniform expansion of a liquid 
in a sealed glass tube. There is a bulb at the bottom of 
the tube and a quantity of mercury or alcohol inside. 

The glass does not expand or contract as much as 
the liquid during a temperature change. The liquid will 
rise and fall in the tube as the temperature changes. The 
tube is "calibrated" or marked off in degrees using the 
desired temperature scale. 

The temperature measurement instrument shown 
in Figure 1-2A is a thermometer-pyrometer. The term 
"pyrometer" means high temperature. This instrument 
has a digital scale. It has the capability of measuring 
from -40°F (-40°C) to 1999°F (1100°C). It is used when 
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Figure 1-2. Several types of temperature measuring 
devices are used in refrigeration work. A — This digital 
thermometer pyrometer measures temperature in either 
Fahrenheit or Celsius. B — Laser-sighted thermometer 

with a temperature reading range of 0°F to 600° F. 
(TIF Instruments, Inc.) 



accurate readings at various temperatures are needed. It 
will indicate the temperature in about 2-10 seconds. 

The thermometer in Figure 1-2B measures radi- 
ated and absorbed energy from a surface. This type of 
thermometer uses a small laser to guide the operator to 
the item being measured. The laser identifies the object 
and a digital readout displays the object's temper- 
ature. 

Some thermometers use metal to measure temp era - 
hire. Metal will expand and contract as temperature rises 
and falls. This moves an indicator up and down the 
scale. 

Other thermometers indicate temperature by mea- 
surement of a very small electric voltage generated in a 
thermocouple. They are especially useful in the mea- 
surement of high temperatures. 

A radiometer is a thermometer which detects in- 
frared rays produced by a substance. This ther- 
mometer is very easy to use. No contact is needed 
with the substance whose temperature is to be mea- 
sured. 



Thermistors may also be used to measure tempera- 
tures. A thermistor is a type of thermometer, which is 
operated by electrical current. (See Chapter 6.) 

1 .6.1 Thermometer Scales — Fahrenheit 
and Celsius 

The two most common thermometer scales are the 
Fahrenheit and the Celsius scales. Celsius is sometimes 
called the Centigrade scale. The Celsius scale is named 
in honor of Anders Celsius, the Swedish astronomer 
who recommended the new system. 

Two temperatures determine the calibration of a 
thermometer: 

• The temperature of melting ice. 

• The temperature of boiling water. 

(Both must be at a pressure of 1 atmosphere or at sea 
level.) 

On the Fahrenheit thermometer, the temperature of 
melting ice is 32°F. The temperature of boiling water is 
212°F. This provides 180 spaces or degrees between the 
freezing and boiling temperatures. 

On the Celsius thermometer, the temperature of 
melting ice is 0°C. The temperature of boiling water is 
100°C. There are 100 spaces or degrees on the scale be- 
tween freezing and boiling. For a comparison of the 
Fahrenheit and Celsius scales, see Figure 1-3. (Also, see 
Chapter 31.) 

The freezing point and boiling point are based 
on freezing and boiling temperatures of water at stan- 
dard atmospheric pressure. Effects of pressure on these 
temperatures is explained in Section 1.19 and Section 
1.20. 

1.6.2 Absolute Temperature Scales, Kelvin 
and Rankine 

Absolute zero is that temperature where molecular 
motion stops. It is the lowest temperature possible. There 
is no more heat in the substance at this point. 

Two absolute temperature scales are used in cryo- 
genics (very low temperature work). (See Section 1.32.) 
These two scales are the Rankine (Fahrenheit Absolute) 
scale and the Kelvin (Celsius Absolute) scale. 

The Rankine scale uses the same divisions as the 
Fahrenheit scale. Zero on this scale (0°R) is located 460 
degrees below 0°F. 

The Kelvin scale uses the same divisions as the Cel- 
sius scale. However, zero on the Kelvin scale (0 K) is 273 
degrees below 0°C. (Physical scientists often omit the de- 
gree symbol (°) when writing Kelvin temperatures.) 
Therefore, Kelvin temperatures are often expressed with 
just the K, not °K.) 

These temperature scales are not used by the tech- 
nician in normal service work. The absolute temperature 
scales are used by engineers. They use them in design- 
ing and manufacturing various parts of heating and air 
conditioning systems. The absolute temperature scales 
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Figure 1-3, 



are also used to identify the operational performance of 
a product. These ratings can then be used by the techni- 
cian to compare one manufacturer's products with those 
of another manufacturer. 

Figure 1-4 compares the Celsius, Kelvin, Fahrenheit, 
and Rankine thermometer scales. 

Problem: 

What is the temperature at which water freezes and 
boils using the Kelvin scale? 

Solution, Freezing Point: 

Water freezes at 0°C. The Kelvin scale zero is 273 
degrees below 0°C. The freezing temperature of water 
is, therefore, 273 degrees above zero kelvin (K), or 273 

kelvin. The freezing temperature is 273 K. 

Solution, Boiling Point: 

Water boils at 100 degrees above 0°C. The boiling 
point of water on the Kelvin scale will be: 100 + 273 = 
373 K. Therefore, the boiling point is 373 K. 



1.7 Basic Arithmetic 

Basic mathematics plays an important role in a tech- 
nician's day-to-day operations. Being able to quickly and 
accurately compute basic mathematic formulas is an 



asset for the technician. The following paragraphs pro- 
vide you with some background in the types of math- 
ematic operations a technician may be expected to 
perform on the job. 

+ means plus or add. 

= means equal to or of the same value. 

Example: 4 + 4 = 8 

- means minus, subtract, or take away. 

Example: 4-3 = 1 

X means multiply by, or times. 

Example: 4 X 5 = 20 

+ means divide by. 

Example: 12-2 = 6 

■ means multiply by, or times. 

( ) are parentheses; do the arithmetic inside the 

parentheses first. 

Example: (7 - 3) + 2 = (4) + 2 = 6 

Some calculations use parentheses instead of a 
multiplication sign. 

Example: (4)(5) = 20 

( ) 2 means that the number inside the parentheses is 
to be multiplied by itself, or squared. 

Example: (4) 2 - 4 X 4 = 16; 

in this example, multiply together two 4s 

( ) 3 means that the number inside the parentheses is 
to be multiplied by itself three times, or cubed. 

Example: (4) 3 = 4X4X4 = 64; 

in this example, multiply together three 4s 



- means that the top number, "a," is to be divided 
b 

by the bottom number, "b." 

Example: If "a" — 6, and "b" = 2 



A (delta) means a difference 

Example: A T = temperature difference, 
for instance, 0°C to 40°C. 

1.7.1 Basic Unit or Digits 

Most calculations include the use of basic units. 
Basic units are expressed in digits. In the statement, 
7 X 8 = 56, 7 and 8 are digits; 56 is made up of two dig- 
its, 5 and 6. In the metric system, multiples of digits are 
on the basis of 10. For example: the digit 1, if divided 
by 10, would be 0.1; each subsequent division of 10 
would result in 0.01, 0.001, and the like. The prefix 
(name) for these follow. The digit 1, if multiplied by 10, 
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Figure 1-4. Kelvin, Celsius, Fahrenheit, and Rankine thermometer scales are compared. 



would be 10; each subsequent multiplication by 10 
would result in 100, 1000, 10,000, 100,000, and rWlike. 
Each level of multiplication or division has a name: 



Symbol 


Prefix 


Quantity 


Pronunciation 


M 


mega 


= 1,000,000 


like megaphone 


k 


kilo 


= 1000 


kill'-oh 


h 


hecto 


= 100 


heck' -toe 


da 


deka 


= 10 


deck'-uh 


lasic uni 




= 1 




d 


deci 


= 0.1 


d ess '-in 


c 


centi 


= 0.01 


sen' -till 


m 


milli 


= 0.001 


like military 


A<- 


micro 


= 0.000 001 


my 7 -crow 



In many calculations, it is difficult to work with 
numbers using many zeros either ahead of or behind the 
decimal point. A special number, called a "powers of 
ten," may be used to express these types of numbers. 

"Power of 10" means that the number 10 is multi- 
plied by itself the desired number of times to obtain the 



required number of zeros. The small number above and 
to the right of the number 10 is called the "exponent." It 
works as follows: 

For numbers larger than one: 



1000 = 10-' 



100 = 10 2 



10 = 10 1 



together three 10s 
together two 10s 



means multiply 

(10 X 10 X 10) 

means multiply 

(10 x 10) 

or (10) 

For numbers less than one, a minus sign is placed 
before the exponent. This means that 1/10 or 0.1 is to 
be multiplied together, instead of 10: 

0.1 = 10" 1 or (0.10) 
0.01 = 10" z or (0.10 X 0.10) 
0.001 = 10 -3 or (0.10 X 0.10 X 0.10) 

1.7.2 Rounding Numbers 

In refrigeration calculations, it is not usually nec- 
essary to use fractions or decimals of a unit. When the 
decimal is less than 5, round to the number and ignore 
the decimal. When the decimal is 5 or over, round to the 
next larger number. For instance, 35.5 becomes 36. If a 
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problem has been carried two or more decimal places 
and less accuracy is required, it is acceptable to round 
such numbers to a single decimal. For instance: 3.52 may 
be rounded to 4. 



1.8 Temperature Conversion 

It is often necessary to convert a temperature from 
one scale to another. Formulas have been developed for 
this purpose. It is not necessary to memorize these for- 
mulas, only to refer to them when needed. 

°C means temperature in degrees Celsius 

°F means temperature in degrees Fahrenheit 

K means temperature in degrees Kelvin 

°R means temperature in degrees Rankine 

To convert from one of these scales to another, fol- 
low the procedures outlined in the following examples. 

1.8.1 Degrees Celsius to Degrees Fahrenheit 
Formula: 

/ 1 en \ 

Temperature in °F = I — — X Temperature °C I + 32 
or 



Temperature in °F = I - X °C ) + 32 

Example: 

Convert 75°C to Fahrenheit. 

Solution: 

°F = ( - X 75 J + 32 

°F = (1.8 X 75) + 32 
T = 135 + 32 
°F = 167T 

1 .8.2 Degrees Fahrenheit to Degrees Celsius 
Formula: 

Temperature in °C = — X (Temperature °F - 32) 



or 



Temperature in °C = - x (°F - 32) 

Example: 

Convert 212°F to °C 

Solution: 

°C = - x (212 -32) 
9 

°C = - x 180 
9 

°C = .56 X 180 

°C = 100°C 



1 .8.3 Degrees Fahrenheit to Degrees Rankine 
(Fahrenheit Absolute) 

Formula: 

Temperature in °R (F A ) = T + 460 

Example: 

Convert 40°F to °R (F A ). 

Solution: 

°R (F A ) = 40 + 460 
°R (F A ) = 500°R (F A ) 

1.8.4 Degrees Rankine to Degrees Fahrenheit 

Formula: 

Temperature in °F = °R - 460 

Example: 

Convert 180°R to °E 

Solution: 

°F = 180 - 460 

°F = -280°F 

1.8.5 Degrees Celsius to Kelvin 

Formula: 

K = °C + 273 

Example: 

Convert -10°C to K. 

Solution: 

K = -10 + 273 
K = 263 K 

1 .8.6 Kelvin to Degrees Celsius 

Formula: 

Temperature in °C = K — 273 

Example: 

Convert 400 K to °C. 

Solution: 

°C = 400 - 273 
°C = 127'C 

1.8.7 Degrees Rankine to Kelvin 

Formula: 

5 
Temperature in K = - °R 

Example: 

Convert 180°R to K. 

Solution: 

K = - x 180 
9 

K = 101 K 

1.8.8 Kelvin to Degrees Rankine 

Formula: 

9 
Temperature °R = - K 
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Example: 

Convert 263 K to °R. 
Solution: 

3 R = \ x 263 
5 

°R = 473 S R 



1.10.1 Linear Measurement (Length) 

Linear measurement considers only one dimension. 
Finding the length of a piece of copper tubing is an ex- 
ample of linear measurement. 

U.S. Conventional Units 
Decimals and Fractions of an Inch 



1.9 Temperature Difference 
Calculations 

Calculations which require converting Fahrenheit 
temperature difference to Celsius temperature difference 
and Celsius temperature difference to Fahrenheit tem- 
perature difference may be computed as follows: 

Formula: 

°C temperature difference 

= - (°F temperature difference) 

Example — Fahrenheit to Celsius: 

When the outside temperature is 10°F and the in- 
side temperature is 75°F, the temperature difference is 
65°F. What is the temperature difference in °C? 

Solution: 

5 
°C temperature difference = - X 65 = 36°C 

Formula: 

°F temperature difference 
9 
= - (°C temperature difference) 

Example — Celsius to Fahrenheit: 

When the outside temperature is 10°C and the in- 
side temperature is 26°C, the temperature difference is 
16°C. What is the temperature difference in Fahrenheit? 

Solution: 

9 
°F temperature difference = - X 16 = 28.8 or 29°F 

5 

Throughout this text, temperatures are given in 
both Fahrenheit and Celsius. Most of the Fahrenheit 
temperature values are rounded to whole numbers. The 
equivalent Celsius temperature is shown rounded to the 
nearest possible whole number. Where the Celsius tem- 
perature ends in 0.5 or more, the next higher temperature 
is used. If the Celsius temperature ends in a 0.4 or less, the 
next lower Celsius temperature is chosen. For example, 
40°F is equivalent to 4.4°C. This number is rounded off 
to 4°C. Another example is 0°F. Carried to one decimal 
place, it equals -17.8°C. This is rounded to -18°C. 



1.10 Dimensions 

Dimensions, as used in this text, are measurements 
which are necessary in determining lengths, areas, and 
volumes. The following paragraphs discuss these mea- 
surements. 



Measurement 


How to Express the Measur 


0.001 in. 


one-thousandth of an inch 


0.01 in. 


one-hundredth of an inch 


0.1 in. 


one-tenth of an inch 


1/64 in. 


one sixty- fourth of an inch 


1/32 in. 


one thirty-second of an inch 


1/16 in. 


one-sixteenth of an inch 


1/8 in. 


one-eighth of an inch 


1/4 in. 


one-fourth of an inch 


1/2 in. 


one-half of an inch 



Sometimes the symbol (") indicates inches; for ex- 
ample, 6". Occasionally the symbol (') indicates feet. The 
following is an example; 6'. 

Units of Conventional Linear Measurement 

12 inches = 1 foot 
3 feet = 1 yard 
5280 feet = 1 statute mile 
6080 feet = 1 nautical mile 



Metric Units and U.S 


. Conventional Unil 


Equivalents 


1 millimeter (mm) = 


0.039 in. 




10 mm 


1 centimeter (cm) = 


= 0.394 in, 


10 cm 


1 decimeter (dm) = 


■■ 3.937 in. 


10 dm 


1 meter (m) = 100 i 

39.37 in. = 3.28 ft. 


:m = 


1000 m 


1 kilometer (km) = 


3280.8 ft. 


2.54 cm 


1 in. 





Some linear metric units useful to a service techni- 
cian are shown in Figure 1-5. In measuring very tiny par- 
ticles, the micron (ju,) unit has been most used. The mi- 
cron is one-thousandth of a millimeter (mm). 

1.10.2 Area Measurement 

The measurement of area involves the measurement 
of two-dimensional space. The area of an object is found 

by multiplying its length by its width. 

Formula: 

Area (A) = Length (L) X Width (W) 

Example: 

The width of a tabletop is 2' and the length of the 
table is 4'. Determine the area of the tabletop. 

Solution: 

Area (A) = Length (L) X Width (W) 
A = 2'x4 

A = 8 sq. ft. The area of the tabletop is 
8 sq. ft. 
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Figure 1-5. Comparison of U.S. conventional and 51 metric units of linear measurement. 



Some special formulas must be used when finding 
the area of certain objects. For example, the area of a 
circle is found by using the formula A = irr~. The sym- 
bol, TTj is always 3,1416, and r is the radius of a circle. It 
is equal to one-half the diameter. Therefore, this formula 
may also be expressed as: 

Formula: Area of a Circle 

. ttD 2 

A = 

4 

U.S. Conventional Units 

square inches (sq. in.) 

144 sq. in. = 1 square foot 

9 sq. ft. = 1 square yard (sq. yd.) 

These units are shown in Figure 1-6A. The area of 
a circle is shown in Figure 1-6B. 

Metric Units 

1 square centimeter (cm 2 or sq. cm) 

= 0.155 square inch 
1 square decimeter (dm 2 or sq. dm) 

= 10 cm X 10 cm = 100 cm 2 = 15.5 sq. in. 
1 square meter (rrr or sq. m) = 1550 sq. in. 

= 10 dm X 10 dm = 100 square decimeters (dm 2 ) 
= 10.76 sq. ft. 

These units are shown in Figure 1-7. Refer back to 
Figure 1-6 for the area of a circle. 

1.10.3 Volume Measurement 

The measurement of volume involves the measure- 
ment of three-dimensional space (cubic). The volume of 
an object is determined by multiplying the width by the 
length by the height. An example is finding the volume 
of a cube (width X length x height, or W X L x H). 

Some special formulas must be used when finding 
the volume of certain objects. To determine the volume 



■ 1 yd. 



144 SQ 

IN 



■1 ft. 



1 1 in. 



1 ft. 




Figure 1-6. Calculating standard areas using U.S. 
customary units. A — Aim of rectangle is calculated by 

multiplying width by length. Remember, 144 sq. in. 
equal 1 sq. ft. and 9 sq. ft. equal 1 sq. yd. B—Area of a 
circle is calculated using the formula irr 2 . Value of tt is 
3.1416. If diameter (D) of circle is 2.4 in., the radius (r), 
which is half the diameter, is 1.2 in.: r 2 = rx r = 
1.2X 1.2= 1.44. Area of circle is 3. 141 6 X 1.44 = 4.52 in. 1 
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Figure 1-7. Calculations of standard areas using SI 
metric units. Area of a rectangle is calculated by 
multiplying width by length. Area of circle is calculated 
with same formula as in Figure 1-6B. 

of a cylinder, for example, multiply the area of one end 
(ttt 2 ) by the length (L) of the cylinder, 

U.S. Conventional Units 

cubic inches (in. 3 or cu. in.) 
cubic feet (ft 3 or cu. ft.) 
cubic yards (yd. 3 or cu. yd.) 



1.728 cu. in. = 1 cu. ft. 
27 cu. ft. = 1 cu. yd, 
1 cu. ft. = 7.48 gal. 

These units are shown in Figure 1-8A. The volume 
of a cylinder is shown in Figure 1-8B. 

SI Metric Units 

1 liter (L) = 1000 cubic centimeters (cm 3 ) 
= 1.05 quarts (qt.) 
= 61 cu. in. = 0.035 cu. ft. 

1000 cubic centimeters (cm 3 ) = 1 cubic 

decimeter (dm 3 ) 
1 cubic meter (m 3 ) =1.3 cu. yd. 

These are shown in Figure 1-9A. The volume of a 
cylinder is shown in Figure 1-9B. 

1.10.4 Angular Measurement 

Circles and arcs of a circle are measured in degrees. 
A complete circle has 360°. See Figure 1-10. A degree is 
further divided into minutes. Sixty (60) minutes equal 
one degree. 

Minutes are further divided into seconds. Sixty (60) 
seconds equal one minute. These are the same names — 
minutes and seconds — that are used in measuring time. 
In angular measurement, they have a different meaning. 

The angle does not depend on the size of the circle. 
It does not depend on the length of the diameter or 
radius. A part of a circle is called an arc. It is formed by 
two lines going out from the center of the circle. They 
cut across the circumference. For a given central angle, 
the larger the circle, the longer the arc. The arc of the 





Figure 1-8. Calculation of standard volumes using U.S. customary units. A— Volume is calculated by multiplying 
width by length by height B— Volume of cylinder is determined by multiplying the area of the end by the length. 
(Cylinder dimensions are usually expressed in inches and decimals of an inch.) 
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10 cm 




1000 cu. cm 



Figure 1-9. Calculation of standard volumes using SI metric units. A — Volume is calculated by multiplying width by 
length by height B — Volume of cylinder is calculated by multiplying the area of the end by the length. 



Complete Circle 
360 Degrees 



1 Degree 

1/360 of a circle 




1/2 Circle 
180 Degrees 



1/4 Circle 
90 Degrees 



Figure 1-10. Angular measurement A complete circle 
consists of 360 degrees. One-halt of a circle equals 180° 
and one-quarter of a circle equals 90°. Arc "A" is a 90° 
arc. 



circle which includes a 90° degree central angle is called 
a 90° arc. 

1.10.5 Weight and Mass 

The amount of a substance is commonly related to 
how much it weighs. Food and metals, tor example, are 
sold on the basis of their weight. Gravitational force 
exerted on an object by the earth is expressed as its 
weight. 

This force of gravity will accelerate an object if the 
object is released and falls. The same object will acceler- 
ate at a different rate depending upon its distance from 
the earth. To express the fact that if is the same quantity 
of material, even if the force of gravity is different, this 
quantity is defined as its mass. 

U.S. Conventional Units 

The U.S. conventional units of weight are the grain, 
ounce, pound, and ton. This weight is often expressed 
as the force an object exerts on a scale. 

If an object weighs one pound, then at the earth's 
surface — where the gravitational force will accelerate it 
at 32.2 ft. /sec, 2 — it is said to have a mass of one pound. 
Under these conditions, lb. f represents the weight and 
lb. m represents the mass of the object. 
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SI Metric Units 

In SI metric measurement units, the mass is mea- 
sured in kilograms (kg). A kilogram mass is equivalent 
to 2.2 lb. m . In SI units, the unit of force is called the new- 
ton (N), A newton equals the force exerted on an object 
having a mass of 1 kilogram, where the gravitational ac- 
celeration is 1 m/sec". A 1-kilogram mass at the earth's 
surface will exert a force of 9.8 newtons. This is because 
in SI metric units the gravitational acceleration is 9.8 

m/sec. 2 . A 1 -pound mass will have a mass of — or 0.455 

9.8 
kilograms. However, it will exert a force of — or 4.455 

newtons on a weighing scale. 



1.11 Pressure 

Pressure is the force per unit area. It is expressed in 
pounds per square inch (psi). It is also expressed in pas- 
cals (Pa) or kilopascals (kPa) in the metric system. 

The normal pressure of the atmosphere at sea level 
is 14.7 pounds per square inch (psi) or 101,3 kPa. In tech- 
nical practice, this is usually rounded to 15 psi or 100 
kPa. 

Operation of a refrigerating system depends mainly 
on pressure differences in the system. Substances always 
push on the surfaces supporting or containing them. A 
block of ice (a solid) exerts a pressure on its support. If 
the support were removed, the block would fall to an- 
other supporting level. 

A liquid exerts a pressure on the sides and bottom 
of its container. A gas exerts a pressure on all surfaces 
of its container. Figure 1-11 illustrates these types of 
pressures. 



A solid weight of 1 pound with a bottom surface 
area of 1 inch square would exert a pressure of 1 pound 
(lb.) per square inch (1 psi) upon a flat surface. 

Liquid in a container maintains an increasing pres- 
sure on the sides and bottom as the liquid depth in- 
creases. The pressure of gas in the container will depend 
on the quantity of the gas and the temperature. 

1.11.1 Pascal's Law 

To honor the scientist Pascal, the SI metric system 
uses the term "pascal" as a unit of pressure. A pascal is 
a newton per square meter (N/m 2 ). 

A newton is the metric unit of force. One newton Is 
equal to the mass of 1 kilogram being accelerated at a 
rate of 1 meter per second per second. 

Pascal's Law states that pressure applied upon a 
confined fluid is transmitted equally in all directions. It 
is the basis of operation of most hydraulic and pneu- 
matic systems. 

Figure 1-12 illustrates Pascal's Law. It shows a fluid - 
filled cylinder. A piston having a cross-sectional area of 
645 mm 2 (one square inch) is fitted into a small cylinder 
connected to the larger cylinder. A force of 85 psig or 
100 psia (690 kPa) is applied to the piston in the small 
cylinder. The pressure gauges show the pressure being 
transmitted equally in all directions. 

One psia equals 6894.8 pascals (Pa). This can be 
rounded to 6.9 kPa. One psig equals 15.7 psia. Then 15.7 
psia is converted to the metric unit as 108 kPa. 

The refrigeration technician must deal with pres- 
sures both above and below atmospheric pressure. Met- 
ric gauges are calibrated so that zero on the gauge means 
that there is no pressure at all. This means not even at- 
mospheric pressure is present. No negative pressures are 
used. A pressure of 5 kPa, then, is the same as 0.75 



Solid 



Liquid 



Gas 




t t 




A— Block o1 Ice 



B— Water 




C — Vapor or Gas 



Figure 1-11 . Three states of a substance, such as water. A—Solid state. A mass of ice exerts downward force only. 
B— Liquid state. Water exerts pressure on container both vertically and horizontally. C— Caseous state. Vapor or gas in 
rubber balloon exerts pressure uniformly in all directions. 
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Figure 1-12. Illustration of Pascal's Law. Pressure of 
100 psia (690 kPa) is pressing against piston having head 
area of 1 sq. in. All gauges have same reading. Bottom 
gauge, calibrated in kilopascals, reads 690 kPa 
(100 psia). Figure 1-17 is a reference which summarizes 
data about pressure sea les . 



pounds per square inch absolute (psia). Expressed in 
inches of mercury vacuum, it would be about the same 
as 28.5 inches of Hg vacuum. 

U.S. Conventional Units 

In the U.S. conventional units, pressures above at- 
mospheric pressure are measured in pounds per square 
inch (psi). Pressures below atmospheric are measured in 
inches of mercury (in. Hg) column. See Section 1.11.2. 

Some older instruments are calibrated in atmo- 
spheres, bars, and torr. A bar is equal to one atmosphere; 
a millibar (mb) is equal to 0.001 bar. An atmosphere is 
approximately 14.7 pounds per square inch absolute 
(psia). Gauges calibrated in atmospheres are marked 1, 
2, 3, 4, and up. The numbers represent the number of 
atmospheres. Arbitrarily, the atmospheric gauges have 
been calibrated in atmospheres of 15 pounds per square 
inch absolute (psia). One torr is 1/760 of an atmosphere. 

1.11.2 Pressures — Atmospheric, Gauge, 
and Absolute 

Atmospheric pressures are expressed in pounds per 
unit of area or in inches of liquid column height. The 
most popular gauges are those that register in pounds 
per square inch above atmospheric pressure (psig or psi). 



A reading of psi on the gauge is equal to the at- 
mospheric pressure, which is about 14.7 psia. (Fifteen 
pounds per square inch is often used for working out 
problems). The absolute pressure scale registers zero 
at a pressure which cannot be further reduced. A 
perfect vacuum is pounds per square inch absolute 
(0 psia). 

Pressure may also be indicated in other ways: 
1. Inches of mercury (in. Hg). 2. Feet or inches of water 
column. These gauges may be calibrated either above at- 
mospheric pressure or absolute pressure. This is depen- 
dent upon the construction. A mercury gauge is often 
used for measuring below atmospheric pressure. 

The barometer in Figure 1-13 is a mercury gauge. 
With a vacuum at the closed top of the tube, the atmo- 
spheric pressure will support a mercury column 29.92" 
high at sea level under standard conditions. 

A unit of measure which has been used for reading 
high vacuums (pressure close to an absolute vacuum) is 
the torr. One torr equals a pressure of 1 mm of mercury 
(mm Hg, 0°C). It is named after the man who invented 
the mercury barometer. The unit torr may be expressed 
in fractions of an atmosphere. One torr = 1/760 of an at- 
mosphere. A pressure of one torr is almost a perfect 
vacuum. 

In solving most pressure and volume problems, it 
is necessary to use absolute pressures (psia). Absolute 
pressure is gauge pressure plus atmospheric pressure. 
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Mercury 

Figure 1-13. Mercury barometer used for measuring 
atmospheric pressure. It consists of glass tube closed at 
one end and open at other end. Fill tube with mercury. 
Then, sealing open end, invert it in container of mercury. 
When seal is removed, mercury will drop to level 
corresponding with atmospheric pressure. Glass tube 
should be about 34 in. (86 cm) long. 
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Example: 

Calculate absolute pressure when the pressure 
gauge reading is 21 psi (psi always indicates gauge pres- 
sure, and psia indicates absolute pressure). 

Solution: 

Absolute pressure equals gauge pressure plus atmo- 
spheric pressure. 

psi + 15 = psia 
21 + 15 = 36 psia 

Air pressure or a vacuum can be measured with a 
column of water. To equal 29.92" Hg, it would be about 
34' high. The height is greater because water is so much 
lighter than mercury. 

The service technician must often test both pres- 
sures and vacuums in the same system. Therefore, pres- 
sure gauges are made which will measure both. They are 
called compound gauges. Compound gauges have two 
or more pressure scales. One measures pressures below 
atmospheric pressure. The other measures pressures 
above atmospheric pressure. Figure 1-14 illustrates such 
a gauge. 

It is often necessary to convert inches of mercury 
into pounds per square inch absolute (psia). You can also 
convert pounds per square inch absolute into inches of 
mercury. Formulas are available for making an accurate 
conversion. Roughly 2" Hg equals 1 psia. The chart 
shown in Figure 1-15 makes converting easy. 

Water columns are usually designed for measuring 
small pressures above or below atmospheric pressure. 
They can be used for pressures in air ducts, gas lines, 
and the like. A water column 2.3' high (or about 28") 
equals 1 psi. 

These pressure measuring devices are called ma- 
nometers. They are calibrated in inches of water column. 
Figure 1-16 shows types of water manometers. 

In some high-pressure refrigerating machines, pres- 
sure gauges are calibrated in atmospheres. One at- 
mosphere is about 15 pounds per square inch (psi). 
Two atmospheres equal 30 psi. Three atmospheres equal 
45 psi. 
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Atmospheric 
Pressure 




Figure 1-14. Compound gauge measures both pressure 
above atmospheric in psi and pressure below 
atmospheric using units of in. Hg vacuum. Zero on this 
scale is atmospheric pressure. 
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Figure 1-15. Chart converts inches of mercury (in. Hg) 
into pounds per square inch absolute (psia). 



SI Metric Units 

Figure 1-17 uses SI units. Compare the scales. In SI 
units, atmospheric pressures are expressed in kPa (kilo- 
pascals). Normal atmospheric pressure is 101.3 kPa. For 
practical purposes, gauges are often calibrated at 100 kPa 
for atmospheric pressure. 

Pressures lower than atmospheric are called partial 
vacuums. Zero on the absolute pressure scale is at a pres- 
sure which cannot be further reduced. Thus, a perfect 
vacuum is Pa (pascals). The pascal, rather than the ki- 
iopascal, is used for measuring high vacuums (pressures 
close to an absolute vacuum). 

Figure 1-18 illustrates a pressure gauge used in re- 
frigeration work. It is calibrated in kilopascals rather 
than in psi. 



1.12 The Three Physical States 

Substances exist in three states, depending on their 
temperature, pressure, and heat content. For example, 
water at atmospheric pressure is a solid at tempera- 
tures below 32°F (0°C). It is a liquid from 32°F (0°C) to 
212°F (100°C). At 212°F (100°C) and above it is a vapor 
(gas). 
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Figure 1-16. Types of water manometers. A — This manometer is used to measure iow pressure in air ducts and gas 
lines. Pressure is indicated in inches of water. It is measured by difference in level between surface of water in two 
branches of tube. B — For easier reading, the end open to atmosphere is often placed at a low angle. Red dye in water 
makes gauges easier to read. 
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Figure 1-17. Table compares various pressure scales. 




Atmospheric 
Pressure 



Figure 1-1 8. Pressure gauge calibrated in kilopascals. 
Pressures from to 100 are partial vacuums. 

Atmospheric pressure is set at 100 kPa. 



Water is shown in its three states in Figure 1-11. In 

this example, the physical state is controlled both by 
temperature and pressure. The temperatures just given 
apply only when atmospheric pressure is at 14.7 pounds 
per square inch (psi) or 101,3 kilopascals (kPa). 



1.12.1 Solids 

A solid is any physical substance which keeps its 
shape even when not contained. It consists of billions of 
molecules, all exactly the same size, mass, and shape. 
These stay in the same relative position to each other. 
Yet, they are in a condition of rapid motion or vibration. 
The rate of vibration will depend upon the temperature. 
The lower the temperature, the slower the molecules 
vibrate. The higher the temperature, the faster the 
vibration. 

The molecules are strongly attracted to each other. 
Considerable force is necessary to separate them. A solid 
must always be supported by an upward force or it will 
fall. See Figure 1-11A. 

1.12.2 Liquids 

A liquid is any physical substance which will freely 
take on the shape of its container (Figure 1-11B). How- 
ever, its molecules strongly attract each other. 

Think of the molecules as swimming among their 
fellow molecules without ever leaving them. The higher 
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the temperature, the faster the molecules swim. Warmer 
molecules will move upwards toward the top of the con- 
tainer. This is because they take up more space by their 
rapid movement. They become lighter (less dense) than 
colder molecules. 

1.12.3 Gases 

A gas is any physical substance which must be 
enclosed in a sealed container to prevent its escape into 
the atmosphere. 

The molecules, having little or no attraction for 
each other, travel (fly) in a straight line. They bounce off 
each other, off molecules of other substances, or off the 
container walls. They have little or no attraction for any 
other substance. The pressures shown in the gas-filled 
balloon in Figure 1-11C illustrate how gases behave. 

Almost any substance can be made to exist as 
a solid, a liquid, or a gas. Any molecule can be made 
to vibrate, swim, or fly. It depends on two things: 
temperature and pressure. To understand this change 
of state, one must study temperature and pressure 
relationships. 



Equivalents 

1 lb. /ft. 3 = 16 kg/ m 3 
1 kg /m 3 = 0.0625 lb. /ft. 3 

1.13.2 Specific Gravity (Relative Density) 

Specific gravity (sp, gr) is the ratio of the mass of a 
certain volume of a liquid or a solid as compared to the 
mass of an equal volume of water. Specific gravity is 
sometimes called relative density. 

Water is given a specific gravity of one. Objects 
which float on water have a specific gravity of less than 
one. Objects which sink in water have a specific gravity 
greater than one. 

Mixtures of salt and water (brine) have a specific 
gravity greater than one. A calcium chloride brine 
adjusted to freeze at 0°F (-18°C) will have a specific 
gravity of 1.18. See Chapter 31 for a table of brine densi- 
ties and freezing temperatures. 

The relative density of gases is defined as the ratio 
of the mass of a certain volume of a gas as compared to 
the mass of an equal volume of hydrogen. The readings 
are taken at 68°F and 29.92" Hg pressure. 



1.13 Density 

Density is a substance's mass per unit of volume. 
Some substances are heavier than others. Comparative 
weights of gases, liquids, and solids may be shown by 
either density or specific gravity (see Section 1.13.2), 
Density is expressed as pounds per cubic foot (lb, /ft. 3 ) 
or kilograms per cubic meter (kg /m 3 ). 

1.13.1 Specific Volume 

When comparing densities of gases, it is common to 
express the densities in specific volumes. Specific vol- 
ume is the volume of one pound of a gas at standard con- 
ditions. 

Standard conditions are 68 °F at 29.92 in. of mercury 
column pressure. The volume of 1 lb. of dry, clean air at 
standard atmospheric conditions is 13.454 cu. ft. By 
comparison, 1 lb. of hydrogen occupies 178.9 cu. ft. 
One pound of the refrigerant, ammonia (R-717), occu- 
pies 21 cu. ft. Carbon dioxide (R-744) only occupies 
8.15 cu. ft. 

In SI terms, specific volume is the volume of one 
kilogram of a gas at standard conditions. Standard con- 
ditions are 20 C C at 101.3 kPa pressure. The volume of 
1 kg of dry, clean air at standard atmospheric conditions 
is 0.840 m 3 . By comparison, 1 kg of hydrogen occupies 
11.17 m 3 . One kilogram of the refrigerant ammonia 
(R-717) occupies 1.311 m 3 . Carbon dioxide (R-744) only 
occupies 0.509 m 3 . 

If 1 kg of gas occupies a greater space than air, the 
gas is called a light gas. If it occupies less space than air, 
it is classified as a heavy gas. The specific volume is 

1 
density 



1.14 Force 

Force applied to a body at rest causes it to move. 
The unit of force is the pound force (lb. f ). In SI metric 
units, it is the newton (N). The pound force is that force 
which, applied to a one-pound mass, will result in an 
acceleration of 32.173 ft. /sec. 2 . 

At the surface of the earth, where the acceleration of 
gravity is 32.173 ft. /sec. 2 , a 1-lb. mass weighs 1-lb. force 
(it exerts 1-lb. force on the surface upon which it rests). 
If the object of 1-lb, mass were on the moon where die 
gravity is about 1/6 that on earth, the weight would be 
1/6 lb. f . 

Example: 

Determine the force on the head of a piston 
10 square inches (sq. in.) in area and under a pressure of 

25 psi. 

Formula: 

F = A x P 
in which: 
F - force 

A = area of the piston head (10 sq. in.) 
P - pressure (25 psi) 

Solution: 

F=AxP 

F = 10 x 25 

F = 250 pounds (lb.) 

1.14.1 SI Metric Units 

In SI units, the newton is that force which, when 
applied to a body having a mass of one kilogram, gives 
it an acceleration of one meter per second per second. 
Force may also be called accumulated pressure. 
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One newton equals one kilogram times one meter 
divided by seconds squared: 1 kg X 1 m/sec, 2 or 1 kg 
m/sec." — IN. (This unit of force is similar to the pound 
force in the U.S. conventional system.) 

Example: 

Determine the force on the head of a piston 645 
mm 2 in area and under a pressure of 0.172 Mpa. 

Formula: 

F = AXP 

in which: 

F = force 

A = area of the piston head (645 mm 2 ) 

P = pressure (0.172 MPa) 

Solution: 

F = A X P 

F = 645 X 0.172 

F = 111 newtons (N) 

A pascal is the unit of pressure. The newton is the 
total force, which equals the unit pressure times the area. 
Equivalents: 

IN = 0.225 lb. force 
1 lb, force = 4.45 N 



1.15 Work 

Work (W) is force (F) multiplied by the distance (D) 
through which it travels. 

1.15.1 U.S. Conventional Units 

The unit of work is called the foot-pound. One foot- 
pound is the amount of work done in lifting a 1 lb. 
weight a vertical distance of 1 ft. Work is sometimes ex- 
pressed in inch-pounds. At such times, the distance 
through which the force acts is measured in inches. 

Example: 

Calculate the work when lifting a weight of 2000 
lb. a vertical distance of 10 ft. 

Formula: 

Work = Force X Distance 

Solution: 

W = F X D (F = 2000 lb.; D = 10 ft.) 

W = 2000 X 10 

W = 20,000 foot-pounds (ft.-lb.) 

or, expressed in inch units, 

W = 2000 x 10 x 12 

W = 240,000 inch-pounds (in.-lb.) 

1.15.2 SI Metric Units 

The unit of work is called the joule (J) in SI metric 
units. The joule is the amount of work done by a force 
of one newton moving its point of application a distance 

of one meter. 



Example: 

The propeller on a boat pushes the boat through the 
water with a force of 200 newtons. If the boat travels 
10 km, how much work is done? 

Solution: 

10 km = 10,000 m 
Work = Force X Distance 
W = FXD 
W = 200 x 10,000 

W = 2 x 10 2 x 1 x 10 4 
W = 2 X 10 fi N ■ m = 2 MJ 

1.16 Energy 

Energy is the capacity or ability to do work. The 
electric motor supplies the energy to drive the refrigera- 
tor compressor. There are three kinds of energy: 

• Potential energy is stored energy. Examples are 
water behind a dam, electrical energy in a battery, 
and weight which can fall or drop. 

• Kinetic energy is energy doing work. Examples are 
water flowing over a dam, a battery lighting a bulb, 
and a falling weight. 

• Heat energy (see Section 1.4). 

The work formula is expressed as W = F x D, or 
newtons times meters (N-m). 1 J = 1 Nxl m = l 
N ■ m. 

Equivalents 

1 ft.-lb. force = 1.356 J = 1.356 N ■ m 
1 J = 1 N ■ m = 0.737 ft.-lb. 



1.17 Power 

Power is the time rate of doing work. 

1.17.1 U.S. Conventional Units 

The unit of mechanical power is the horsepower, 
One horsepower (hp) is the equivalent of 33,000 foot- 
pounds (ft.-lb.) of work per minute. If a 2000-lb, weight 
is lifted 10 ft, in two minutes, the power required would 
be: 

Formula: 

Horsepower = 

weight in pounds x distance in feet 

time in minutes x 33,000 
Solution: 

2000 X 10 20,000 . , , 

Horsepower = = ~~~rrz - U.J np 

F 2 x 33,000 66,000 h 

1.17.2 SI Metric Units 

In SI units, power is expressed in watts. A watt is 
the force of one newton moving through a distance of 
one meter in one second. 

The common unit of mechanical power is the kilo- 
watt (kW). A kilowatt is equal to 1000 watts. The 
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formula for power is force times distance divided by 
time. It is expressed in watts (W). 1 W = 1 joule per sec- 
ond = 1 J/sec. (See Sections 1.15 and 1.16.) 

Example: 

What is the power required to lift a mass of 100 
kilograms at the rate of 10 meters per second? 

Solution: 

Force x Distance newtons x meters 



Power 
Force 



Force 



Time seconds 

= 100 kg x Force Due to Gravity 

(9.8 m/s 2 from Section 1.14) 
= 100 kg x 9.8 m/s 2 
Equivalent: 1 kgm/s : = 1J 
Force = 980 kgm/s 1 = 980 J 

Distance =10 meters 
Time = 1 second 

_ 980 J x 10 meters 
1 second 



Power 



Equivalent: 1 Jm/s = 1 W 
Power = 9800 W or 9.8 kW 

Equivalents 

1 hp = 746 W 

1 W = 0.0013 hp 

1.18 Unit of Heat 

The unit of heat is the British thermal unit (Btu). 
The Btu is the amount of heat required to raise the tem- 
perature of one pound of water one degree Fahrenheit. 
(See Figure 1-19A.) 

Whether a substance such as water is cooled or 
heated, the heat calculation is made in the same way. 
The temperature difference multiplied by the number of 
pounds of water gives the number of Btu. Where large 



heat loads are involved, the unit therm, which equals 
100,000 Btu, is often used. 

Example: 

Calculate the amount of heat required to raise the 
temperature of 62.4 lb. (1 cu. ft) of water from 40°F to 80°E 

Solution: 

Btu = wt. in lb. x temperature change in °F 

Btu - 62.4 lb. x (80 - 40) 

Btu = 62.4 x 40 

Btu = 2496 Btu 

If a substance is cooled, heat is removed. 

Example: 

Determine the amount of heat removed to cool 

50 lb. of water from 80°F to 35°F. 

Solution: 

Btu = wt. in lb. x temperature change in °F 
Btu = 50 lb. x (80 - 35) 
Btu = 50 x 45 
Btu = 2250 Btu 

51 Metric Units 

In SI metric, the unit of heat is the joule (J). A joule 
is a very small unit of heat. For refrigeration work, the 
kilojoule (kj), 1000 joules, is used. The amoimt of heat 
required to raise the temperature of 1 kg of water 1°C is 
equal to 4.187 kj. (See Figure 1-19B.) Conversely the 
amount of heat removed to lower the temperature of 
1 kg of water 1°C is also equal to 4.187 kj. 

The mass in kilograms multiplied by the degrees 
Celsius temperature difference multiplied by 4.187 kj 
equals the amount of heat added or subtracted. 

Example: 

Find the amount of heat required to raise the tem- 
perature of 1 kg (approximately 1 liter) of water from 

4°C to 27°C. 
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Figure 1-1 9. Experiment in heating. A- Raising temperature of one pound of water from 63°F to 64"F requires one 
British thermal unit of heat. B-lt takes 4,187 kj of heat to raise the temperature of i kg of water from 17°C to 18°C. 
Note: An accurate definition of the calorie uses 4. 1840, not 4. 187. 
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Solution: 

kj = 4.187 X mass in kilograms X temperature 

change in °C 
kj = 4.187 XI X(27-4) 
kj = 4.187 xl X23 
k) = 96.301 kj 

Conversely, if a substance is cooled, heat is re- 
moved. 

Example: 

Determine the amount of heat removed to cool 
19 kg of water from 27°C to 1°C. 

kj = 4.187 X mass in kilograms X temperature 
change in °C 

kj = 4.187 X 19 X (27 - 1) 
kj = 4.187 X 19 X 26 
kj = 2068.378 = 2068 kj 

Another metric unit, the calorie, is the amount of 
heat required to raise the temperature of one gram of 
water one degree Celsius. However, the calorie is 
such a small unit that it is no longer used in refrig- 
eration work. Most calculations in engineering science 
are made using the kilocalorie which equals 1000 calo- 
ries. 

Example: 

Find the amount of heat required to raise the tem- 
perature of 150 grams of water from 10°C to 90°C. 

Solution: 

Calorie = mass in grams X temperature change 

in°C 
Calorie = 150 grams X (90 - 10) 
Calorie = 150 x 80 
Calorie = 12,000 calories = 12 kilocalories 

Equivalents 

1 kj = 239 cal = 0.948 Btu 

1 cal = 0.004 kj = 0.004 Btu 

1 Btu = 1.055 kj = 252 cal = 0.252 kilocalories 

1.18.1 First Law of Thermodynamics 

The First Law of Thermodynamics states that "heat 
and mechanical energy are mutually convertible." 

U.S. Conventional Units 

In Section 1 .4, the Btu is defined as the unit of heat. 
In Section 1.15, the unit of work is defined as the ft. -lb. 
Since work is convertible to heat, the conversion factor 
from Btu to ft. -lbs. is used: 

1 Btu = 778 ft.-lbs. 

Example: 

Change 10 Btu to ft.-lbs. 

Solution: 

10 Btu = 10 X 778 = 7780 ft.-lbs. 

SI Metric Units 

Similarly, in SI units, heat and mechanical energy 
are mutually convertible. In Section 1.4, the joule is de- 
fined as the unit of heat. In Section 1.15, the unit of work 
is also the joule, or newton-meter. For example, 100 



joules of work equal 100 joules of heat, or 100 newton- 
meter s. 

1.18.2 Sensible Heat 

Heat which causes a change in temperature in a 
substance is called sensible heat. When a substance is 
heated (heat added) and the temperature rises as the 
heat is added, the increase in heat is called sensible heat. 
Likewise, heat may be removed from a substance (heat 
subtracted). If the temperature falls, the heat removed 
is, again, sensible heat. 

1.18.3 Specific Heat Capacity 

The specific heat capacity of a substance is the 
amount of heat added or released to change the tempera- 
ture of one pound of the substance V Fahrenheit. 

The sensible heat required to cause a temperature 
change in substances varies with the kind and amount 
of substance. Different substances require different 
amounts of heat per unit mass to cause changes of tem- 
pera ture. The specific heat capacity of common sub- 
stances is shown in Figure 1-20. 

The amount of heat necessary to cause a desired 
change of temperature is calculated using the following 
formula (provided there is no change of state of the sub- 
stance): 

Formula: 

Q = Mx sp. ht. X AT 

Where: 

Q = Heat added or removed (represents Btu) 
M — Mass pounds 

sp. ht. = Specific heat measured in Btu/lb.°F 
AT = Temperature in °F 

Example: 

Determine the amount of Btu that must be removed 
to cool 40 lb. of 20% salt brine from 60°F to 20T. 



Material 


Specific Heat Capacity 


Btu/!b./F 


kJ/kg-K 


Wood 

Water 

Ice 

Iron 

Mercury 

Alcohol 

Copper 

Sulphur 

Glass 

Graphite 

Brick 

Glycerine 

R-717 (Liquid ammonia at 40 "F) 

R.744 (Carbon dioxide at 40 °F) 

R-502 

Salt Brine 20% 

R-12 

R-22 


0.327 

1.0 

0.504 

0.129 

0.0333 

0.615 

0.095 

0,177 

0.187 

0.200 

0.200 

0.576 

1.1 

0.6 

0.255 

0.85 

0.213 

0.26 


1.369 

4.187 
2,110 
0.540 
0.139 
2.575 
0.398 
0.741 
0.783 
0.837 
0,837 
2.412 
4.606 
2.512 
1.068 
3.559 
0.892 
1.089 


The above values may be used for computations which involve no 
"change of state." If a change of state is involved, the specific heat 
for each state of the substance must be used. 



Figure 1-20. Table of specific heat capacity values for 

some substances. 
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Solution: 

Q = M x sp. ht. x AT 

Q = 40 lb. x 0.85 sp. ht. x (60°F - 20°F) 

Q = 40 x 0.85 x 40 

Q = 1360 Btu 

SI Metric Units 

In SI metric units, the specific heat capacity of a 
substance is the amount of heat that must be added or 
released to change the temperature of one kilogram of 
the substance one degree kelvin (K). Tire specific heat 
capacity unit is expressed as joules per kilogram kelvin 

a/kg • k). 

Formula: 

Heat added or removed = Mass substance x Specific 
heat substance x Change in temperature 
Q = M x sp. ht. x AT 

Where: 

Q = Heat added or removed measured in kilojoules (kj) 

M = Mass measured in kilograms (kg) 

sp.ht. = Specific heat measured in joules per kilogram 

kelvin (J/kg°K) 
AT = Temperature, measured in kelvin (K) 

Example: 

Find the amount of heat (in kj) that must be 
removed to cool 15 kg of 20% salt brine from 16°C to 7°C, 

Solution: 

Q = M x sp. ht. x AT 

Q = 15 kg x 3.559 sp. ht. capacity x (16 S C - 7°C) 

Q = 15x3.559x9 

Q = 480.5 kj 

Specific Heat Capacity Equivalents 

lcal/g'°C = 4,187 J/g-K 
1 Btu/lb. • °F =4.187 kj/kg • K (kilojoule per 
kilogram kelvin) 

1 kj/kg ■ K = 0.2388 Btu/ lb. • °F 



1 .1 8.4 Latent Heat 

Heat which brings about a change of state with no 
change in temperature is called latent (hidden) heat. 

All pure substances are able to change their state. 
Solids become liquids, liquids become gas. These 
changes of state occur at the same temperature and pres- 
sure combinations for any given substance. It takes the 
addition of heat or the removal of heat to produce these 
changes. 

In Figure 1-21, note that considerable heat 
(144 Btu/lb., 335 kj/kg) was added between points B 
and C. Even so, the temperature did not change. This 
heat was required to change the ice to water. This heat is 
called "latent heat of melting" or "latent heat of fusion," 
which means the same thing. 

Likewise, between points D and E, 970 Btu/lb. 
(2257 kj/kg) were added and the temperature did not 
change. This heat was required to change the water to 
steam. This heat is called "latent heat of vaporization." 
When cooling the steam to water, the latent heat 
removed is called the "latent heat of condensation." 

There are two latent heats for each substance, solid 
to liquid (melting and freezing) and liquid to gaseous 
(vaporizing and condensing). Figure 1-22 shows the 
latent heat for water and several common refrigerants. 

The latent heat of fusion of ice is 144 Btu/lb. 
(335 kj/kg). The latent heat of vaporization for water (at 
212°F, 100°C) = 970 Btu/lb. (2257 kj/kg). 

The addition of heat to a solid increases the vibra- 
tion of the molecules. This continues until they separate 
at the change-of-state point. In the liquid form, the mole- 
cules are only weakly a ttracted to other molecules. Thus, 
they are free to move around. At the transition from a 
solid to a liquid, some molecules are attached in a solid 
form. Others are weakly attracted in a liquid form. 
When all the solid attachments are broken, further 
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Figure 1-21. A-Temperature-heat diagram for 1 lb. of water at atmospheric pressure, heated from -40°F through 
complete vaporization. From A-B, 36.3 Btu were added to heat ice from -40" F to 32° F (72 s temperature change). 
(Btu = 1 Ib.x 0.504 x72 = 36.288). From B-C, 144 Btu were added to melt the ice. The temperature did not change 
from B to C. From C-D, 180 Btu were added to heat the water from 32°F to 212°F From D-F, 970 Btu were added to 
vaporize water. Note that temperature did not change from D to E. B-Temperature-heat diagram for one kilogram of 
water at atmospheric pressure (100 kPA) heated from -50°C through complete vaporization. From A to B, 700 kj ot 
heat are added to increase ice temperature from -50°C to 0°C. This is 2 kj/kg °C x 50°C = 100 kj/kg. From B-C 335 kj 
are added to melt the ice without changing its temperature. From C-D, 420 kj were added to heat the water to its 
boiling point (4.2 kj/kg °C x W0°C = 420 kj). From D-F, 2260 kj were added to convert the water to steam without 
changing its temperature. More heat increases the temperature of steam as shown in dotted line. 
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Material 


Freezing 

or Melting 

Btu/lb. 


Latent Heat of 

Vaporization or 

Condensation 

Btu/lb. 


Freezing 

or Melting 

kJ/kg 


Latent Heat of 

Vaporization or 

Condensation 

kJ/kg 


Water 

R-717 (Ammonia) 

R-502 

R-40 (Methyl chloride) 
R-12 


144 


970.4 at 21 2°F 

565.0 at 5°F 

68.96 at 5 3 F 

178.5 at 5°F 

68.2 at 5=F 

93.2 at 5'F 


335 


2257at100°C 
1314 at -15°C 
160 at -15X 
415 at -15°C 
159 at -15°C 
217 at -15"C 


R-22 


- 



Figure 1-22. Table of latent heat of vaporization of water and some common refrigerants. Latent heat of fusion is only 
given for water, as refrigerants do not freeze at temperatures commonly handled by refrigeration service engineers. 



heating causes the molecules in liquid form to move 
around faster. 

It requires as much energy to change the molecular 
attachment of a block of ice as it does to raise the tem- 
perature of the same amount of liquid from 32°F to 176°F. 
In SI metric, it requires as much heat to change 1 kg of 
ice to 1 kg of water as it does to raise the temperature 
of that same amount of water from 0°C to 80°C. 

AH of the basic operations of the compression re- 
frigeration cycle are based upon these two heats — 
sensible and latent. 

Equivalents: 

1 kJ/kg = 0.4299 Btu/lb. 
1 Btu/lb. = 2.326 kJ/kg 
1 kJ/kg = 0.2388 kcal/kg 
1 kcal/kg = 4,187 kJ/kg 
1 kJ/kg = 0.2388 cal/g 
1 cal/g = 4.187 kJ/kg 

1.18.5 Application of Latent Heat 

In refrigeration work, the physics of latent heat is 
especially important. Applications of this principle give 
the cold or freezing temperature desired. 

As ice melts, its temperature remains constant. 
Nevertheless, it absorbs a considerable amount of heat 
in changing from ice to water. To melt 1 lb. of ice, 144 
Btu are required. (To melt 1 ton of ice, 288,000 Btu are 
required.) To melt one kg of ice, 335 kj of heat are 
required. 

When a substance passes from a liquid to a va- 
por, its ability to absorb heat is very high. This prin- 
ciple is useful in the operation of the mechanical 
refrigerator. 

The temperature at which a substance changes its 
state depends on the pressure. The higher the pressure, 
the higher the temperature needed to bring about the 
change. The opposite is also true. If the pressure is low- 
ered, the temperature at which the change of state will 
take place is also lowered. This principle is shown in 
Figure 1-23. 

A liquid under low pressure will boil at a lower 
temperature. If the vapor resulting from this boiling is 
then compressed, it will condense back into a liquid at 
a higher temperature. 



Every substance has a different latent heat value. 
This is because each substance has a different molecular 
structure. Latent heat temperatures for water and the 
more common refrigerants are shown in Figure 1-22. See 
Chapter 9 for more information concerning refrigerants. 

In a modern refrigerator, freezer, or air conditioner, 
liquid refrigerant is piped under pressure to the evapo- 
rator. In the evaporator, the pressure is greatly reduced. 
The refrigerant boils (vaporizes), absorbing heat from 
the evaporator. This produces a low temperature and 
cools the evaporator. 

The compressor pumps this vaporized refrigerant 
out of the evaporator. It compresses (squeezes) the re- 
frigerant into the condenser. Here the heat that was ab- 
sorbed in the evaporator is "squeezed out." It is released 
to the surrounding atmosphere. Having lost this heat of 
vaporization, the refrigerant becomes a liquid again. The 
cycle is then repeated. 



1.19 Effect of Pressure on 

Evaporating Temperatures 

The evaporating (boiling) temperature for any liq- 
uid is controlled by the pressure placed upon it. Water 
at atmospheric pressure (15 psia or 100 kPa) normally 
boils at 212°F (100°C). If the pressure is increased to 45 
psia (311 kPa), the boiling temperature is raised to 271°F 
(133°C). If the pressure is lowered to 3 psia (20 kPa), the 
boiling temperature will be lowered to 142°F (62°C), as 
shown in Figure 1-23. 

Mechanical and absorption refrigerators use the ef- 
fect of reduced pressure to lower the boiling tempera- 
ture. (See Chapter 3.) Consider the refrigerant, R-12. It 
boils under atmospheric pressure (15 psia or 100 kPa) at 
-20°F (-29°C). If the pressure is lowered to 9 psia (62 
kPa), the boiling temperature is -42°F (-41°C). A refrig- 
erator can then cool to -42°F (-41°C), if the pressure 
on the evaporator is lowered to 9 psia (62 kPa). How- 
ever, if the evaporator were to operate at atmospheric 
pressure, the lowest temperature possible with R-12 
would be -20T (-29 5 C). Figure 1-24 shows the effect 
of pressure change on the boiling temperature of three 
substances used in refrigeration work. 
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Figure 1-23. Temperature-pressure curve for water. At atmospheric pressure, water boils at 21 2° F (100°C). At point A, 
with vacuum of 24" Hg (20 kPa), water boils at 142°F (62 a Q. Increasing pressure above atmospheric raises boiling 
temperature. At B, which is at a pressure of 45 psia (311 kPa), boiling temperature is 271° F (133°C). 



1.20 Effect of Pressure on Freezing 
Temperature of Water 

The temperature at which water freezes is affected 
by the pressure on the surface of the water. Increasing 
the pressure lowers the freezing temperature. Decreas- 
ing the pressure raises the freezing temperature. Figure 
1-25 shows this relationship. 

This relationship goes the opposite way from the 
general rule given in Section 1.18.4. This is because wa- 
ter expands when it freezes. Most substances expand 
when they melt, and obey the rule in Section 1.18.4. For 
them, the higher the pressure, the higher the melting 
temperature. 

1.21 Refrigerating Effect of Ice 

Ice is still important to the refrigeration industry As 
stated before, ice changes to water at 32°F (0°C) and 
atmospheric pressure. Heat absorption to produce this 
change is 144 Btu/lb. (335 kj/kg). 

The specific heat equation for changing ice to 
water is: Heat = wt. of ice X sp. ht. capacity of ice X 
temperature change. Heat will be in Btu. The weight 
(Wt.) will be in pounds. Specific heat (Sp, ht.) will be 
given in Btu/lb. (The specific heat of water is 1 Btu/lb. 



Substance 


Evaporating Temperature in °C at: 


60kPa 
Pressure 


Atmospheric 
Pressure 100 kPa 


200 kPa 
Pressure 


Water 
R-12 

R-71 7 (Ammonia) 


89 
-41 
-40 


100 
-29 

-38 


122 

-10 

-18 



Figure 1-24. Effect of pressure is shown on evaporating 
temperatures of three substances. 

The specific heat of ice is 0.50 Btu/lb.) The latent heat of 
fusion of ice is 144 Btu/lb. 

Formula: 

Sensible heat (Btu) = Mass X sp, ht, X AT 

Latent heat (Btu) = Mass of ice X Latent heat of fusion 

Total change = Sensible heat 4- Latent heat 

Example: 

How many Btu will be absorbed in changing 25 lb. 
of ice at 5°F to water at 40°F? 

Solution (in steps): 

1. Raise the temperature of ice from 5°F to 32°F: 

Btu = wt. of ice X sp. ht. capacity of 
ice X temperature change 
Btu = 25 X 0.50 X (32 - 5) 

Btu = 25 X 0.50 X 27 
Btu = 337.5 Btu 
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Pressure 

kPa Ib./sq. in. atms 
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Temperature 
Figure 1-25. Chart shows effect of pressure on freezing temperature of water. 



2. To melt the ice at 32T: 

Btu = wt. of ice X latent heat of fusion of ice 

Btu = 25 X 144 
Btu = 3600 Btu 

3. To warm the water from 32°F to 40T: 

Btu = wt. of water X sp. ht. capacity of water X 
temperature change 

Btu = 25 X 1 X (40 - 32) 
Btu = 25 X 1 X 8 
Btu = 200 Btu 

4. Total heat required to change 25 lb, of ice at 5°F to 

water at 40°F: 

Btu = 337,5 - 3600 + 200 = 4137.5 Btu 

SI Metric Units 

In SI metric, the specific heat capacity of ice = 
2.11 kj/kg • K. Its heat absorption ability, when chang- 
ing from a temperature below 0°C to 0°C, is 2.11 kj/kg 
per degree change. The latent heat of fusion (melting) 
of ice = 335 kj/kg. The specific heat of water = 
4.19 k] /kg K. 

Example; 

How many kj will be absorbed in changing 93 kg 
of ice at -20 a C to water at 4°C? 

Solution (in three steps): 

1. To find heat needed to bring ice from -20°C to 0°C: 

kj = mass of ice X sp. ht. capacity of ice X 
temperature change 
kj = 93 X 2.11 X 20 
kj = 3924.5 kj 



2. To find heat needed to melt ice at 0°C: 

kj = mass of ice X latent heat of fusion of ice 
kj = 93 X 335 
kj = 31 155.0 kj 

3. To find heat needed to raise water temperature from 

0°C to 4°C: 

kj = mass of water X sp. ht. capacity of water X 

temperature change 

kj = 93 x 4.19 x (4 - 0) 

kj = 93 x 4.19 x 4 = 1558.7 kj 

4. Total heat required to change 93 kg of ice at -20°C 
to water at 4°C 

kj = 3924.6 kj + 31 155.0 kj - 1558.7 k] 
kj = 36 638.3 kj 

Equivalents 

1 kj/kg ■ K = 0.239 Btu/lb.T 
1 Btu/lb.°F = 4.187 kj/kg ■ K 

1.21.1 Ice and Salt Mixtures 

Refrigerating by ice alone will not provide tem- 
peratures below 32°F (0°C). Therefore, to get the 
lower temperatures required in some instances, ice and 
salt mixtures are used. These mixtures, ice and salt (so- 
dium chloride or NaCl), and ice and calcium chloride 
(CaCl,), lower the melting temperature of ice. An ice and 
salt mixture may be made which will melt at 0°F 
(-18°C). 

A solution of water and salt freezes at a lower tem- 
perature because more energy must be removed from 
the solution before ice will start to form. This phenom- 
enon is called "freezing point depression." 
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1 .21 .2 Ton of Refrigeration Effect 

The cooling capacity of older refrigeration units is 
often indicated in "tons of refrigeration." A ton of refrig- 
eration represents the heat energy absorbed when a ton 
(2000 lb.) of ice melts during one 24-hour day. The ice is 
assumed to be a solid at 32°F (0°C) initially and becomes 
water at 32°F (0 C C). The energy absorbed by the ice is the 
latent heat of ice times the total weight. 

Today, refrigeration units are often rated in Btu/hr. 
instead of tons. The Btu equivalent of one ton of refrig- 
eration is easy to calculate. Multiply the weight of one 
ton of ice (2000 lb.) by the latent heat of fusion (melting) 
of ice (144 Btu/lb.). Then, divide by 24 hours to obtain 
Btu/hr. 

One ton of refrigeration effect = 2000 x 144/24 

One ton of refrigeration effect = 288,000 Btu/ 24 hours 

One ton of refrigeration effect = 12,000 Btu/hr. 

A 12,000 Btu/hr. cooling capacity is equivalent to one 
ton of refrigeration. 

A refrigerating or air conditioning mechanism 
capable of absorbing heat can be rated in tons per 
24 hours by its heat-absorbing ability (HA) in Btu 
divided by 288,000. 

T - tons of refrigeration effect 

HA = heat-absorbing ability 

HA 

T = = tons of refrieera tion etfect 

288,000 6 

1 ton of refrigeration = 12,000 Btu/hr. 

Example: 

The heat-absorbing ability of a refrigerator unit is 
1,440,000 Btu per 24 hours. What is its ton rating? 

Solution: 

1,440,000 = 1,440,000 
24 x 12,000 288,000 
T = 5 tons of refrigeration effect 

Example: 

What will be the "ton" rating of a refrigerating 
mechanism capable of absorbing 1,728,000 Btu in 
24 hours? 

Solution: 

1,728,000 
288,000 
T - 6 tons of refrigeration effect 

Example: 

What is the Btu heat absorbing capacity of a 1 /2-ton 
refrigerating system? 

Solution: 

1/2 x 288,000 = 144,000 Btu per day, or 6000 Btu 
per hour 

Most room air conditioners are rated on their heat- 
absorbing ability in Btu per hour. A 1-ton machine is 
rated: 

288 ' 00Q = 12,000 Btu per hour 
24 F 



T = 



SI Metric Units 

The SI metric system has no unit which can be 
compared with the "ton of refrigeration." 

1 ton = approximately 907 kg 
latent heat = 335 kj/kg 
energy absorbed = latent heat x weight 
energy absorbed = 335 kj/kg x 907 kg 
energy absorbed = 303 845 kj 

The melting of this ice in one day has a cooling or 
refrigeration capacity of 303 845 kj. 
To convert the rating to kilowatts: 

lkW =1 kj/sec. 

1 ton refrigeration capacity = 303 845/(24 x 3600 sec) 

1 ton refrigeration capacity = 303 845/86 400 sec. 

1 ton refrigeration capacity = 3.52 kT/sec. 

1 ton refrigeration capacity = 3.52 kW 

A refrigerator which produces an equivalent cool- 
ing rate of this ice melting will be rated as a 1-ton 
unit. 

Equivalents 

1 kW = 3415 Btu/hr. 

1 Btu/hr = 0.29W 

1 "ton" - 12,000 Btu/hr. 



1 .22 Ambient Temperature 

Ambient temperature is the temperature of the air 
surrounding a motor, a control mechanism, or any other 
device. For example, a motor operated at full power may- 
be guaranteed not to get hotter than 72°F (40°C) above 
the ambient temperature. Then, if the room temperature 
(ambient temperature) is 86°F (30°C), the temperature of 
the motor could get as high as 158°F (70°C) when work- 
ing at full power. 

Ambient temperature is not usually constant. It 
may change day by day and hour by hour, depending 
on usage of the space, sunshine, and many other 
factors. 



1.23 Heat of Compression 

As a gas is compressed, its temperature rises. See 
Figure 1-1. This is due to the work (energy) added to the 
gas by the compressor. The energy added is often 
termed "heat of compression." 

The temperature of the vaporized (gas) refrigerant 
returning to the compressor from the evaporator will 
probably be at, or slightly below, the room temperature. 
This same vapor, leaving the compressor and entering 
the condenser, will be at a much higher temperature. 

The compression of vaporized refrigerant in a 
refrigerator compressor is considered to be a nearly adi- 
abatic process. Adiabatic compression is a process in 
which a gas is compressed without losing heat to the 
surroundings. The refrigerant passes through the 
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compressor very quickly. Therefore, it only loses a small 
amount of its heat of compression there. 

The compressed vapor in the condenser is now 
much warmer than the temperature of the surrounding 
air. Heat of compression will be rapidly transferred 
through the condenser walls to the surrounding air or 
condenser cooling water. (See Second Law of Thermo- 
dynamics, Chapter 31.) 



1.24 Energy Units 

In refrigeration work, three common, related forms 
of energy must be considered: mechanical, electrical, and 
heat energy. The study of refrigeration deals mainly with 
heat energy. However, a refrigerator must make use of 
electrical and mechanical energy to move heat energy 
from one place to another. 

In a compression refrigerating unit, electrical en- 
ergy flows into an electric motor. There this electrical en- 
ergy is turned into mechanical energy. The mechanical 
energy is used to turn a compressor. The compressor, in 
turn, compresses the vapor to a high pressure and high 
temperature. This process transforms mechanical energy 
into heat energy. 

Various units are used for measuring mechanical, 
heat, and electrical energy. Energy conversion units are 
expressed as follows: 



REFRIGERATION SYSTEMS 
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1 .25 Refrigerant 



In refrigerating systems, fluids which absorb heat 
inside the cabinet and release it outside are called refrig- 
erants. 

In the evaporator, under a reduced pressure, the 
fluid changes from a liquid to a vapor, thus absorbing 
heat. In vapor form, the fluid is taken into the compres- 
sor. There the temperature and pressure are increased. 
This allows the heat that was absorbed in the evapora- 
tor to be released (squeezed out) in the condenser. The 
refrigerant is then returned to a liquid form for another 
cycle. 

The refrigerants most commonly used and their 
technical characteristics are explained in Chapter 9, 



1 .26 Heat Transfer 

Heat may be transferred or moved from one body 
to another by one of three methods: radiation, conduc- 
tion, or convection. Some systems of heat transfer use a 
combination of these three methods. 



Mechanical to heat 

Mechanical to electrical 
Electrical to mechanical 
Electrical to heat 



Heat to mechanical 
Heat to electrical 



1 hp = 2546 Btu/hr 

778 ft.-lb. = 1 Btu 

1 hp = 746 watts (W) 

746 watts = 1 hp 

1 watt (1 joule/sec.) = 3.412 

Btu/hr 
1 kilowatt (kW) = 3412 

Btu/hr 
1 Btu/hr = 0.000393 hp 
1 Btu/hr = 0.293 watts 



These conversion units are used in calculating loads 
and determining the capacity of equipment required for 
specific refrigeration applications. 

SI Metric Units 

In SI metric, the unit for measuring energy in all 
three of these forms is the joule. The kilowatt hour 
is widely used, however, as a measure of electric en- 
ergy. 

Equivalents 

1 J = 0.7376 ft.-lb. 

1 ft.-lb. = 1.3558 J 

1 W = 0.7376 ft.-lb. /sec. 

1 ft.-lb. /sec. = 1.3558 W 

1 kW = 1.34 hp = 3412 Btu/h 

1 hp = 0.746 kW 



1.26.1 Radiation 

Radiation is the transfer of heat by heat rays. 
The earth receives heat from the sun by radiation. 
Light rays from the sun turn into heat as they strike 
opaque or translucent materials. These materials will 
absorb some or all of the rays. (Opaque means light 
cannot shine through. Translucent means light can go 
through but one cannot see through. See Chapter 
25.) 

Air is heated very little as light rays pass through 
it. Likewise, a glass pane absorbs little heat as rays pass 
through it. 

Sunlight generates more heat when striking dark- 
colored objects than when striking light-colored or pol- 
ished surfaces. This is because light-colored and polished 
objects reflect the rays. Reflected rays are not absorbed 
and changed into heat. Rough, dark-colored surfaces will 
get hotter than light-colored or polished surfaces, so 
they will radiate more heat. 

Any heated surface loses heat to cooler surround- 
ing space or surfaces through radiation. 

Likewise, a cold surface will absorb radiated heat. 
Some space heating systems use radiant heating sources 
located in the ceilings, walls, or floors. 



1 .26.2 Conduction 

Conduction is the flow of heat between parts of a 
substance bv molecular vibrations. The flow can also be 
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from one substance to another substance in direct con- 
tact. 

A piece of iron with one end in a fire will soon 
become warm from end to end. This is an example of 
the transfer of heat by conduction. The heat travels 
through the iron, using the metal as the conducting 
medium. 

Substances differ hi their ability to conduct heat. In 
general, substances which are good conductors of elec- 
tricity are also good conductors of heat (Wiedmann- 
Frank Law). 

Substances which conduct heat poorly are called in- 
sulators. Such substances are used to insulate refrigera- 
tors and homes. Any structure that is to be maintained 
at a temperature difference from its surroundings may 
use insulators. 



1.26.3 Convection 

Convection is the movement of heat from one place 
to another by way of fluid or air. For example, heated 
air moves from a furnace into the rooms of a house. It 
releases its heat to the rooms. Then cooled air returns 
through cold air ducts to receive another supply of 
heat. 

The same method may be used to cool a space. Un- 
wanted heat is collected and discharged outside the 
space. 



1 .26.4 Control of Heat Flow 

The flow of heat by radiation, conduction, and con- 
vection can be controlled. The transfer of heat by each 
can be increased or cut back according to need. 

Use of materials that are good radiators of heat im- 
proves transfer of heat by radiation. A color known to 
be a good radiator can also be used. Radiation may also 
be improved by the type of receiving surfaces used. Ma- 
terials or colors that are good absorbers (poor reflectors) 
of radiated heat should be used. Radiation may be re- 
duced by reversing this application. 

Dark materials or colors absorb and radiate readily. 
Light-colored or shiny materials have the opposite prop- 
erties. 

Conduction may be improved by providing large 
conducting surfaces. Good conducting materials, such as 
copper, aluminum, and iron also improve conduction. 
Cork, foam plastics, mineral wool, and many other simi- 
lar materials are poor conductors of heat. Poor conduc- 
tors of heat are commonly referred to as heat insulators 
(insulation). 

Convection may be improved by increasing the 
flow of the conveying medium. Forced-air circulation 
heating systems are an example. A blower speeds up air- 
flow. Conversely, convection can be slowed by retarding 
the circulation of air. 

Heat transfer is also controlled (affected) by the 
temperature difference (T D. ). The greater the tempera- 
ture difference, the greater the heat flow. 



1.27 Brine and Sweet Water 

Some refrigeration and air conditioning appli- 
cations require that water be kept from freezing at 
temperatures considerably below the normal freez- 
ing temperature of 32°F <0°C). Other applications 
require that water at atmospheric pressure be 
kept from boiling at temperatures above 212°F 

ciorrc). 

Salt, sodium chloride (NaCl), or calcium chloride 
(CaCl 2 ), added to water, raises the temperature at which 
the water will boil. It also lowers the temperature at 
which it will freeze. See Chapter 31 for tables of brine 
solutions with a freezing point and specific gravity for 
each. 

Some refrigerating and air conditioning installa- 
tions use tap water without adding any salt or other sub- 
stance. This is referred to as "sweet water." 



1.28 Dry Ice 

Solid carbon dioxide (C0 2 ) is sometimes used for 
refrigeration. Solid C0 2 is a white crystalline (like crys- 
tals) substance. It is formed when liquid carbon dioxide 
is allowed to escape into a snow chamber (heat-insulated 
box). 

The heat for vaporizing the liquid is drawn from 
the interior of the chamber. A very low temperature 
(-108°F, -78°C) is formed. As a result, quantities of the 
carbon dioxide solidify 

This solid is pressed into various shapes and sizes 
and sold for refrigeration purposes. It is given such 
names as dry ice, zero ice, and so forth. It remains at a 
temperature of -108°F (-78 a C) while in a solid state at 
atmospheric pressure. 

Dry ice does not melt into a liquid. It goes di- 
rectly from the solid to the vapor state. This is 
called "sublimation." Dry ice has some desirable char- 
acteristics. It does not wet the surfaces that it touches. 
The vapor given off is a preservative. The low 
temperature maintained permits handling froz- 
en foods without using a heavily insulated con- 
tainer. 

The latent heat of sublimation is 248 Btu/Ib. (577 
kj/kg). The heat absorbed by the vapor in passing from 
-108T (-78°C) to 32°F (0°C) is approximately 27 Btu/lb. 
(63 kj/kg). This, added to the latent heat of sublimation, 
makes a total heat-absorbing capacity of 275 Btu/lb. 
(640 kj/kg). 

Dry ice has a greater heat-absorbing capability than 
does water ice. It is generally more expensive than 
water ice. 



Equivalents 

1 kj/kg = 0.4299 Btu/lb. 
1 Btu/lb. = 2,326 kj/kg 
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Never place dry ice in a sealed container! At ordi- 
nary temperatures, the dry ice will sublime (turn into a 
vapor). The resulting pressure may cause the container 
to explode. 

Avoid touching dry ice. It will instantly freeze the 
skin. 



1.29 Critical Temperature 

The critical temperature of a substance is the high- 
est temperature at which the substance may be liquefied, 
regardless of the pressure applied upon it Chapter 31 
lists critical temperatures for common refrigerants. 

The condensing temperature for a refrigerant must 
be kept below its critical temperature. Otherwise, the re- 
frigerator will not operate. Carbon dioxide (R-744) has a 
critical temperature of 87.8T <31°C). This refrigerant is 
not used in air-cooled compression systems. This is be- 
cause the condensing temperature would usually be 
above this temperature. 



1.30 Critical Pressure 

The critical pressure of a substance is the minimum 
pressure necessary to liquefy a gas that is at its critical 
temperature. Less pressure will not liquefy it. 



1.31 Enthalpy 



Enthalpy is the measure of the heat content of a 
substance. The amount of enthalpy is determined by 
both the temperature and the pressure of the sub- 
stance. 

Enthalpy is all the heat in one pound of a substance 
calculated from an accepted reference temperature, 32°F. 
This reference temperature can be used for water and 
water vapor calculations. For refrigerant calculations, 
the accepted reference temperature is — 40°E See Figure 
1-21A. 

Formula: 

H = M x sp. ht. x AT 

(Enthalpy = Mass of substance X Specific heat of 
substance X Change in temperature) 

Example: 

What is the enthalpy of 1 lb. of water at 212T, as- 
suming enthalpy at 32 D F? 

Solution: 

The specific heat of water is sp. ht. = 1 Btu/lb./°F 
Heat to raise temperature of 1 lb. of water from 32 °F 
to 212 a F: 212 - 32 = 180°F 
H = M x sp. ht, x AT 
H = 1 X 1 x 180 
H = 180 Btu (total enthalpy at 212°F) 



SI Metric Units 

In SI, the zero enthalpies for water, refrigerants, and 
air are also taken at a convenient temperature (reference 
temperature or T r ) and pressure: 

• For water, enthalpy is at 0°C and 100 kPa. 

• For refrigerants, -40°C and 100 kPa. 

• For air, 25 C C and 100 kPa. 

The enthalpy is measured in joules (J) or kiloioules 

(kj). 

Formula: 

H = M x sp. ht, X AT 

Example: 

What is the total enthalpy of 5 kg of water at 80°C? 

Solution: 

Enthalpy at 0°C = 

Specific heat of water (sp. ht.) = 4.19 kj/kg • K 
Heat needed to raise temperature of 1 kg of water 
from 0°C to 80°C: 80 - = 80°C 
H = M X sp. ht. X AT 
H = 5 X 4.19 x (80 - 0) 
H = 5 X 4.19 X 80 
H = 1676 kj (total enthalpy at 80°C) 

Figure 1-21B shows the relationship of enthalpy to 
temperature. 

1.31.1 Specific Enthalpy 

Specific enthalpy is enthalpy per unit mass. It is 
measured in Btu per pound (J /kg). Tables of the en- 
thalpy of substances and pressure-enthalpy diagrams, 
such as Figure 1-21, use specific enthalpy. 

Formula: 

h = H/M 
(Specific enthalpy = Enthalpy absorbed /Mass) 

Example: 

If 100 lb. of a substance absorbs 2000 Btu of energy 
when heated from the reference state of Btu/lb., what 
is the specific enthalpy? 

Solution: 

Specific enthalpy = enthalpy absorbed -r mass 
h= H = 2000Btu =2(] 

M 100 lbs. 



1.32 Cryogenics 

Cryogenics refers to creating and using tempera- 
tures in the range of 116 K down to K (— 251°F down 
to -460°F, or -157°C down to -273°C). 

The term cryogenics has increased in common us- 
age. This is due to frequent use of liquid helium, nitro- 
gen, and liquid hydrogen in refrigeration. The term is 
also applied to the low-temperature liquefaction of gases 
and their handling and storage. It includes insulation of 
containers, instrumentation, and techniques used in 
such work. 
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Figure 1-26 shows boiling (evaporating) tempera- 
tures at atmospheric pressure of some common cryo- 
genic fluids. It also indicates the cryogenic range of 
temperatures. These temperatures are in Kelvin (K). 



Boiling Temperature 


at Atmospheric Pressure 






Fahrenheit 


Rankine 


Celsius 


Kelvin 




*F 


"R 
(Absolute 


°C 


K 
(Absolute 


FLUID 




°F Scale) 




°C Scale) 


Water 


212 


672 


100 


373 


R-12 Refrigerant 


-22 


438 


-30 


243 


R-22 Refrigerant 


-41 


419 


-41 


230 


R-744 Refrigerant 










Carbon Dioxide 


-109 


351 


-78 


195 


R-1150 Refrigerant 










Ethylene 


-135 


325 


-93 


180 


Beginning of the 










Cryogenic Range 


-250 


210 


-157 


116 


Methane 


-258 


202 


-161 


112 


Oxygen 


-297 


163 


-183 


90 


Air 


-313 


147 


-192 


81 


Nitrogen 


-320 


140 


-196 


77 


Neon 


-411 


49 


-246 


27 


Hydrogen 


-423 


37 


-253 


20 


Helium 


-452 


8 


-270 


4 


Absolute Zero 


-160 





-273 






Figure 1 -26. Boiling temperatures of some common 
refrigerants and some other fluids at atmospheric 
pressure. Note difference between boiling points of some 
commonly used refrigerants and boiling points of fluids 
in the cryogenic range. 

1 .33 Perfect Gas Equation 

If a quantity of gas is enclosed in a tight container, 
the relationship between pressure, temperature, and vol- 
ume may be expressed by the formula: PV = MRT. 

P = Pressure in pounds per square foot absolute 

V = Volume in cubic feet 

M = Mass of gas in pounds 

R = Gas constant (R will differ for different 

gases). (Figure 1-27 gives the value of R for 

some common substances.) 
T = Absolute temperature in °R 



Material 


Gas Constant (R) 
J/kq-K ft.-lb. 
lb. R 


Specific 
kJ/kg 


Heat 
•K 

Cv 


Air 


288.68 


53.34 


1.00 


0.71 


R-717 (Ammonia) 


666.98 


123,24 


2.13 


1.46 


r-744 (Carbon 
Dioxide) 


210.10 


38.82 


0.92 


0.71 


Ether 


125.08 


23.11 


2.01 


1.88 


Oxygen 


262.76 


48.55 


0.92 


0,67 


Alcohol 


224.87 


41.55 


1.88 


1.67 


Water Vapor 


450.45 


83.23 


2.03 


1.55 



Example: 

What will be the volume of 2 lb. of carbon dioxide 
at 240°F when the pressure is 185 psi? 

Solution: 

PV = MRT 

P = (185 + 15) = 200 psia = 200 X 144 = 28,800 lb. 

per sq. ft. absolute 
M =2 lb. 

R = 38.82 ft.-lb. /lb.°R* 
T = (240 + 460) = 700°R 

MRT 



V 

V 

V 
V 



2 X 38.82 x 700 

28,800 
54,348 



28,800 
1.89 cu. 



1.89 



ft 



The unit "ft.-lb." is used instead of Bru. Btu is not 
compatible with feet, pounds, and °R, just as cal are not 
compatible with N ■ m = Joule, kg, and °K. 

1.33.1 SI Metric Units 

The equation in SI may be expressed: PV = MRT 

P = Pressure in pascals (Pa) 

V = Container volume in cubic meters (m 3 ) 

M = Mass of the gas in the container in 

kilograms (kg) 
R = Gas constant which has a value depending 

on the gas properties. Figure 1-27 gives 

values of R for some substances used in 

refrigeration work. 
T = Absolute temperature, kelvin (K) which is: 

(273 + T°C) 

The equation shows that if the container of gas is 
heated so that the temperature increases, then the pres- 
sure will also rise. Cooling a container will reduce both 
the temperature and the pressure. 

Example: 

If 0.2 kg of air at a pressure of 1.00 kPa is contained 
in a volume of 50 m 3 , what is the temperature? 

Solution: 

Solving for T (absolute temperature): 



T = 



PV 
MR 



Figure 1-27. Table lists gas values (constants) for some 
substances used in refrigeration work. 



P = 1.00 kPa = 1000 newtons/m 2 

V = 50 m 3 

R = 288.68 J/kg ■ K (from Figure 1-27) 

M = 0.2 kg 

1000 X 50 
T = 

0.2 X 288.68 

T =866K 
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The temperature in Celsius is then: 

T °C = T K - 273 
T °C = 866 - 273 
T °C = 593°C 

Note: The temperature used in the perfect gas equa- 
tion must always be in Kelvin. 

Example: 

If the air in the container is heated until the tem- 
perature reaches 1000°C, find the new pressure: 

Solution: 

T = 1000 + 273 = 1 273 K 
MRT 

V 
0.2 X 288.68 X 1 273 

50 
P = 1 470 Pa = 1.47 kPa 



1 .34 Dalton's Law 

Dalton's Law of partial pressures is the foundation 
of the principle of operation of one of the absorption 
type refrigerating systems. The law states: 

• The total pressure of a confined mixture of gases is 
the sum of the pressures of each of the gases in the 
mixture. 

• The total pressure of the air in a compressed air cyl- 
inder is the sum of the oxygen, nitrogen, and the 
carbon dioxide gases, and the water vapor pressure. 

The law further explains that each gas behaves as 
if it occupies the space alone. To illustrate, the absorp- 
tion refrigerator uses two gases, ammonia and hydro- 
gen. The ammonia, at room temperature, is absorbed by 
the water in the closed system. 

Heating this solution drives out the ammonia. (The 
hydrogen is not absorbed by the water and remains as a 
gas.) Due to the pressure it is under, the ammonia con- 
denses into a liquid in the condenser. The pressure is 
uniform throughout the system. Total pressure in the 
svstem is the sum of the vapor pressure of the ammonia 
plus the hydrogen pressure. When the pressure of the 
ammonia vapor is below the pressure corresponding to 
the vapor pressure for ammonia alone, the ammonia 
continues to evaporate. It tries to reach a vapor pressure 
corresponding to the temperature in the absorber. 



1.35 Evaporator 

In this text, the word evaporator is used to indicate 
a part of the refrigerator mechanism. This is where the 
liquid refrigerant boils or evaporates and absorbs heat. 
In some trade literature, the term "cooling coil" is used 
to indicate the part in which such cooling takes place. 
The correct technical term, however, is evaporator. Coils 



cooled by brine or any fluid which does not evaporate 
in the coil may properly be called cooling coils. 



1 .36 Vapor—Gas 

The word vapor in this text indicates refrigerant 
which has become heated, usually in the evaporator, and 
has changed to a vapor or gaseous state. In some trade 
and service literature, refrigerant in this state is called a 
gas. The correct technical term is vapor. 

1.36.1 Saturated Vapor 

The term saturated vapor identifies a condition of 
balance on an enclosed quantity of a vaporized fluid. 
The balance is such that some condensate (liquid) will 
be produced if there is even the slightest lowering of the 
temperature or increase in pressure. 

There is usually some of the substance present in 
liquid form when the vapor is saturated. In a saturated 
condition, all of the substance has been vaporized that 
can be vaporized under the existing conditions of pres- 
sure and temperature. 



1.37 Humidity — Relative Humidity 

The word humidity, as used in connection with re- 
frigeration, air conditioning, and weather information, 
refers to water vapor or moisture in the air. 

Air absorbs moisture. The amount depends on the 
temperature of the air. The higher the temperature of the 
air, the more moisture it will absorb. 

Relative humidity is the amount of moisture car- 
ried in a sample of air, compared to the total amount 
which it can absorb at the stated pressure and tempera- 
ture. Relative humidity is covered in Chapter 19. 

A relative humidity of 50% indicates that the air has 
50% as much moisture as it will hold at that particular 
temperature and pressure. See Chapter 31 for tables of 
moisture-holding ability for air at various temperatures, 
with volume and heat data. 



1.38 Elementary Refrigerator 

In Figure 1-28, a refrigerant cylinder, A, is shown 
with the valve closed. The pressure inside is 72 psig 
(87 psia, 603 kPa) and the temperature is 72°F (22°C). All 
conditions inside the cylinder are balanced. The num- 
ber of molecules leaving the vapor state by diving back 
into the liquid, and the liquid molecules flying out of 
the liquid into the vapor state are equal. 

In cylinder B, the valve has been opened slightly. 
Some of the vapor is escaping. The results are twofold: 
1. The pressure over the liquid refrigerant in the cyl- 
inder is reduced to 48 psig (63 psia). This causes 
change. There is now more liquid changing to a va- 
por than there is vapor changing back into a liquid. 
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Figure 1 -28. Cooling effect of different pressures operating on surface of liquid refrigerant R-12. A— Cylinder ot 
refrigerant with valve closed. Refrigerant is in state of equilibrium, B— Cylinder of refrigerant with valve slightly opened 
and refrigerant vapor beginning to leave cylinder. C— Cylinder of refrigerant with valve open wider. Large amount of 
refrigerant vapor is flowing from cylinder. 



2. With more liquid turning into a vapor than vapor 
returning to a liquid, heat is absorbed. The liquid 
refrigerant and cylinder will be cooled. The tem- 
perature of the refrigerant and cylinder is now 
50°F (10°C). Some heat from the surrounding area, 
which is at 72°F (22°C), will now flow into the cyl- 
inder and the refrigerant. 

In cylinder C, the valve has been opened more than 
in B. Refrigerant vapor now flows out more rapidly. This 
further lowers the pressure on the liquid refrigerant, 
which evaporates even faster. 

The increase in the rate of evaporation lowers the 
temperature of the refrigerant and the cylinder. Now 
heat will flow even more rapidly from the 72T (22°C) 
air into the cold cylinder. 

In cylinder A, there is a state of equilibrium (bal- 
ance), with all temperatures and pressures in balance. 

In cylinder B, there is a slight imbalance due to the 
vapor escaping through the valve. If this condition were 
to continue for a considerable time, a condition of bal- 
ance would again exist. In this new condition, its bal- 
ance would not be static as in A. Instead, it would be a 
balance between the rate of heat flow into the cylinder, 
the evaporation of refrigerant, and the flow of refriger- 
ant vapor out of the cylinder valve. In this condition of 
balance, the refrigerant is cooling the cylinder and its 
surroundings. 

As long as the valve is open and vapor can escape, 
the temperature will stay low. More molecules are es- 
caping from the liquid into the vapor. Only a few vapor 
molecules are diving back into the liquid. 

This vapor bombardment is called vapor pressure. 
If pressure can be reduced, the temperature of the 



liquid can be reduced since evaporation will be in- 
creased. 

If the vapor molecules can be removed fast enough, 
the vapor pressure may be low enough to create refrig- 
erant boiling temperatures in the refrigerating range 
(low temperature). Vapor molecules are usually re- 
moved with a compressor or by using chemicals which 
absorb the molecules. 

The operation of the mechanical refrigerator relies 
on the heat absorption property of a fluid passing from 
the liquid to the vapor state. Figure 1-29 displays an el- 
ementary refrigerator. A cylinder of refrigerant is placed 
in a box. Its vapor is vented to the outside. The compo- 
nents inside the box act as a heat absorber. This is the 
same method that is used in mechanical refrigeration, as 
explained in Section 1.39. Thus, the liquid can boil 
only at or above its evaporation temperature. The liq- 
uid will remain at this temperature until is has com- 
pletely evaporated. 

Additional heat would only cause more rapid 
evaporation of the liquid. Figure 1-29 is different from 
Figure 1-28. In Figure 1-29, the refrigerant evaporates in 
the evaporator, not in the cylinder. Pressure in the evapo- 
rator remains constant, at 14.7 psia. 

Since the liquid is at this low temperature, there is 
a transfer of heat to it from the surrounding objects. This 
heat increases the evaporation. The heat itself is carried 
away as the vapor passes off. Thus, the evaporating gets 
the heat energy for doing this from the objects surround- 
ing it. That same heat is removed with the vapor to the 
outside of the box. 

This type of refrigerating system works nicely. 
However, the Environmental Protection Act laws pro- 
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Figure 1-29. Components of an elementary refrigerator. 

hibit the release of certain refrigerants to the air (Chap- 
ter 9). The expendable refrigerant usually used in an ex- 
pendable refrigerant refrigeration system is liquid 
nitrogen. Some mobile units (trucks) use this method. 



1 .39 Mechanical Refrigerating System 

In a mechanical refrigerator, the vaporized refriger- 
ant is not discarded. Instead, it is captured, compressed, 
and cooled to a liquid state again. This is done so that it 
can be reused, as shown in Figure 1-30. 

To follow the refrigerant cycle, begin with the re- 
frigerant in the receiver. The refrigerant is R-134a. 

The refrigerant in the receiver is under a pressure 
corresponding to the room temperature of 72°F (22°C). 
For R-134a, this pressure will be approximately 73 psig 
(606 kPa) when the unit is idle. The pressure will be 
higher when the unit is running. 

At the refrigerant control, this pressure is reduced 
to provide low-pressure, low-temperature evaporation 
in the evaporator (cooling coil). Since the box or inside 
temperature is to be held at 35°F (1.5°C), the pressure in 
the evaporator must be held at or below 30.4 psig (311 
kPa). 

The purpose of the refrigerant control is to allow 
refrigerant to flow from the liquid receiver (high side) 
into the evaporator (low side). It must maintain the pres- 
sure difference between the high-pressure side (high 
side) and the low-pressure side (low side). 

In the evaporator, the liquid refrigerant is now un- 
der a much reduced pressure. It will evaporate or boil 
very rapidly. This, in turn, cools the evaporator. The 
compressor creates a low pressure by drawing (sucking) 
the vapor from the evaporator. Then it compresses the 
vapor back into the high side. 
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Figure 1-30. Components of an elementary mechanical refrigerator. 
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From the compressor, the warm (see heat of com- 
pression, Section 1.23), high-pressure vaporized refrig- 
erant flows into the condenser. The temperature of the 
vapor entering the condenser will be several degrees 
warmer than the room temperature. This difference 
causes a very rapid transfer of the heat from the con- 
denser to the surrounding air. 

The vapor, as it flows through the condenser, cools 
and loses its heat of vaporization. It returns to the liq- 
uid state (condensed). As a liquid, it flows from the con- 
denser back into the liquid receiver. 

This refrigeration cycle is repeated over and over 
until the desired temperature is reached. A thermostat 
then opens the electrical circuit to the driving motor. The 
compressor stops. 

The temperature of the evaporator determines the 
pressure at which the refrigerant is evaporated. The 
amount of heat removed depends on the amount (mass) 
of refrigerant vaporized. 



1 .40 Review of Abbreviations 
and Symbols 

The following is a review of the various abbrevia- 
tions and symbols studied so far in this chapter. This re- 
view includes both the U.S. conventional units and the 
SI metric units. 



1 ,40.1 U.S. Conventional Units 

Btu = British thermal unit 

Btu/h = British thermal units per hour 

°F = degrees Fahrenheit 

F A = degrees Fahrenheit absolute 

°R = degrees Rankine = degrees absolute F 

lb, = pound 

psi = pounds per square inch = lb. per sq. in. 

psia = pounds per square inch 

absolute = psi + atmospheric pressure 
in. = inches = i = " 
ft. = foot or feet = f = ' 

sq. in. = square inch = in 
sq. ft, = square foot = ft 2 
cu. in. = cubic inch = in 3 
cu. ft. = cubic foot = ft 3 
ft. -lb. = foot-pound 
ton = ton of refrigeration effect 
lb. /eft. = pounds per cubic foot 
in, Hg = inches of mercury vacuum = "Hg 

= horsepower 

= quart 



hp 

qt 



= gram 



1.40.2 SI Metric Units 

°C = degrees Celsius 
K = kelvin 

mm = millimeter 



cm 


= centimeter 


2 

cm 

3 

cm 


= centimeter squared 
= centimeter cubed 


dm 


= decimeter 


dm 2 


= decimeter squared 


dm a 


= decimeter cubed 


m 


= meter 


m 1 
m 3 


= meter squared 
= meter cubed 


L 


= liter 


g 
cal 


= gram 
= calorie 


kg 


= kilogram 


J 

kj 
N 


= joule 
= kilojoule 
= newton 


Pa 
kPa 

W 


= pascal 
= kilopascal 
= watt 


kW 


= kilowatt 


MW 


= megawatt 



1.40.3 Miscellaneous Abbreviations 



p 


= pressure 


hr. or 


h = hours 


sec. 


= seconds 


T, 


= reference temperature 


A 


= difference 


C P 


= specific heat (sp. ht.) 


h 


= enthalpy per unit mass 


II 


= total enthalpy 


Q 


= heat energy 


D 


= diameter 


r 


= radius of circle 


A 


= area 


7T 


= 3.1416 (a constant used in deterrruning 




the area of a circle) 


V 


= volume 


R 


= gas constant 


se 


= infinity 


M 


= mass 


Hz 


= hertz 



1 .41 Review of Safety 



The term "safety," as applied to any refrigeration or 
air conditioning activity, may have three different appli- 
cations. It may apply to: 
1. Safety of the operator. When refrigeration and air 

conditioning equipment is properly handled, there is 

relatively little danger to the operator. 

Always pull on a wrench (instead of pushing), 

to prevent possible slippage of the wrench. Slippage 

could cause rounded corners on nuts and bolts and 

possible injury to hands. 

Always use leg muscles when lifting objects, 

never the back muscles. A hoist is recommended for 
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lifting anything weighing over 35 lb. (16 kg). Make 
certain there is no oil or water on the floor. 

Always wear safety goggles when working with 
refrigerants. 

Most refrigerating mechanisms are electrically 
driven and controlled. When working on electrical 
circuits, make sure the circuit is disconnected from 
the power source. This can usually be accomplished 
by opening the switch at the power panel. Never 
work on "hot" electrical circuits. 

2. Safety of the equipment. Many parts of refrigeration 
and air conditioning equipment are quite fragile. 
Parts may be ruined by overtightening nuts and bolts, 
not tightening them in the correct order, or using the 
wrong size wrench. Make certain that all connec- 
tions are tightened before operating a compressor. 
Before operating open compressors, be sure that the 
flywheel and pulley are aligned and that guards are 
in place. 

3 . Safety of the contents. Safety of the contents of the 
refrigerated space depends entirely on the accuracy 
and care given the installation and adjustment of the 
various parts of the system. 

Tables listing proper operating temperatures for 
various types of refrigerated space are found 
throughout this text. These operating temperatures 
must be observed if the unit is to provide safe con- 
ditions for the refrigerated or air conditioned space. 
It is advisable to observe these three points during 
the service work explained in the chapters following. 
Each chapter has a "Review of Safety." These serve as a 
reminder of potential hazards which may be present 
when working with the equipment and supplies. 

There is no exception to the rule that "The safe way 
is the right way." 



1.42 Test Your Knowledge 



Please do not write in this text. Place your answers on a 
separa te sheet of paper. 



HISTORY AND FUNDAMENTALS 
OF REFRIGERATION MODULE 

1. Normal refrigerator temperature is approximately 
°F. 

A. 30 

B. 35 

C. 40 

D. 42 

2. What was used in the 18th century to obtain 
refrigeration? 

A. Water. 

B. Cold water. 

C. Ice. 

D. Salt and water solution. 




3. A mechanical refrigerator removes heat from its 
contents by 

A. evaporating the liquid refrigerant in the 
evaporator 

B. changing the refrigerant in the evaporator into 
a liquid 

C. allowing the refrigerant to evaporate into the 
air 

D. All of the above. 

4. Heat is absorbed or soaked up by evaporating a liq- 
uid refrigerant in the 

A. compressor 

B. condenser 

C. evaporator 

D. All of the above. 

5. What color designates a high-pressure liquid? 

A. Dark red. 

B. Light red, 
C Dark blue. 
D. Light blue. 

6. What color designates a low-pressure liquid? 

A. Dark red. 

B. Light red. 

C. Dark blue. 

D. Light blue. 

7. Heat flows in what direction? 

A. Cold to warm. 

B. Warm to cold. 

C. Liquid to gas. 

D. All of the above. 

8. Temperature is an indication of the degree of 



A. warmth 

B. cold 

C. Both A and B. 

D. None of the above. 

9. Most substances change their physical state by 

A. becoming invisible 

B. the addition or removal of heat 

C. becoming molecules 

D. the addition of heat only 

10. Cold or low temperatures 

A. cause the molecules to move more quickly 

B. slow bacteria growth 

C. cause increased bacteria growth 

D. cause food to become spoiled 



TEMPERATURE, PRESSURE, AND 
MEASUREMENTS MODULE 

11. How many centimeters are equal to one inch? 

A. 25.4 cm. 

B. 0.254 cm. 

C. 2.54 cm. 

D. 1.5 cm. 
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12. What is the piston displacement of a compressor 
with 2" bore and 3" strokes? 

A. 9.42 in 3 . 

B. 12.00 in 3 . 

C. 14.14 in 3 . 

D. 37.70 in 3 . 

13. How many 90° arcs fit in a complete circle? 

A. 8. 

B. 4. 
C 2.5, 
D. 6. 

14. What determines the temperature at which a refrig- 
erant will vaporize? 

A. Pressure. 

B. Temperature. 

C. Volume. 

D. Enthalpy. 

15. Express standard atmospheric pressure in pounds 
per square foot. 

A. 176 lbs./ft 2 . 

B. 2117 lbs./ft 2 . 

C. 2593 lbs./ft 2 . 

D. 14,590 lbs./ft 2 . 

16. A substance has a temperature of 20°C. What is the 
temperature in °F? 

A. 52°F. 

B. 68°F. 

C. 64°F. 

D. None of the above. 

17. A substance has a temperature of 78°F. What is the 
temperature in °C? 

A. 32°C. 

B. -5°C. 

C. 46 D C 

D. 26°C. 

18. In SI units, the joule is a unit of . 

A. temperature 

B. heat 

C. work 

D. Both heat and work. 

19. How much heat will be required to change 5 lbs. of 
ice at 32°F into water at 82°F? 

A. 194 Btu. 

B. 720 Btu. 

C. 970 Btu. 

D. 1925 Btu. 

20. has the largest specific heat capacity. 

A. Water 

B. Iron 

C. Glass 

D. Brick 



REFRIGERATION SYSTEMS AND TERMS MODULE 

21 . What is dry ice? 

A. A liquid form of ice. 

B. Solid carbon dioxide. 

C. Sulfur dioxide. 

D. A vapor. 

22. Given two objects of the same size — one chrome- 
plated and one painted black — which one will ab- 
sorb more radiant heat? 

A. Chrome-painted object. 

B. Black-painted object. 

C. Both absorb equally. 

D. Neither absorb. 

23. Which of the following illustrates the principle of 
convection? 

A. Movement of heat by fluid or air. 

B. Heat waves from the sun. 

C. Heat traveling through a solid object from end 
to end. 

D. Radiation from the sun. 

24. Will glass or copper conduct heat the most rapidly? 

A. Glass. 

B. Both conduct heat at an equal rate. 

C. Neither are conductors of heat. 

D. Copper. 

25. Should refrigerants be operated at temperatures 
above or below their critical temperature? 

A. Above. 

B. Below. 

C. Neither above or below. They should be at their 
critical temperature. 

D. Either above or below. 

26. The desired temperature in a domestic cabinet is 
°F. 

A. 15 

B. 

C. 50 

D. 35 

27. The desired temperature in a domestic cabinet is 
°C. 

A. 35 

B. 2.5 
C 1.5 

D. None of the above. 

28. Refrigerant fluids are 

A. fluids that absorb heat inside a cabinet 

B. fluids that release heat outside of a cabinet 

C. fluids that absorb heat outside of a cabinet 

D. Both A and B, 

29. Heat may be transferred from one bodv to another 

by. _. 

A. radiation 

B. conduction 

C. convection 

D. All of the above. 

30. Liquid can boil only . temperature, 

A. at its evaporation 

B. below its evaporation 

C. at or above its evaporation 

D. at or below its freezing 
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A technician brazing lines on a compressor at a manufacturing 

plant. Note the safety equipment being worn. (Bryant Air 

Conditioning/Hea ting) 
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Modules: 
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Refrigeration Tools 77 
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Key Terms: 

ACR tubing 
annealed 

brazing 
double-thickness flare 

flare 



flux 

one-way service valve 

refrigerant oil 

swaging 

two-way service valve 



Learning Objectives: 

By studying this chapter, you will be able to: 

♦ List and discuss the various types of tubing used in 
refrigeration work. 

♦ Cut and fit tubing using approved methods. 

♦ Demonstrate soldering and brazing techniques. 

♦ Repair cracks and leaks in evaporators. 

♦ Select the proper tools for servicing and maintaining 
domestic refrigerators. 

♦ Explain how to use various hand tools. 

♦ Discuss the procedures for threading steel pipe. 

♦ Identify thread types. 

♦ Identify different types of threaded fasteners. 

♦ Demonstrate standard procedures for basic mechani- 
cal service and repair operations. 

♦ Explain how to maintain and calibrate gauges. 

♦ Compare cleaning methods and use of solvents. 

♦ Explain the use of vacuum and compound gauges. 

♦ Define various types of service valves. 

♦ Discuss the importance of oil in refrigerating systems. 

♦ Define purging and explain how it is done. 

♦ Discuss the evacuation of a system. 

♦ Follow approved safety procedures. 




TUBING AND FITTINGS 
MODULE 




Tubing 



Most tubing used in refrigeration and air condition- 
ing is made of copper. However, some aluminum, steel, 
stainless steel, and plastic tubing is also used. 

Instructions in this chapter will deal mainly with 
copper tubing. All tubing used in air conditioning and 
refrigeration work is carefully processed to be sure that 
it is clean and dry inside. The ends must be kept sealed 
until it is used. 

2.1.1 Copper Tubing 

Most copper tubing used in air conditioning and re- 
frigeration work is known as Air Conditioning and Re- 
frigeration (ACR) tubing. The tubing is intended for air 
conditioning and refrigeration. It has been processed to 
give the desired characteristics. 

ACR tubing is usually charged with gaseous nitrogen. 
This keeps the tubing clean and dry until it is used. Ni- 
trogen should be fed through the tubing during brazing 
and soldering operations. Take care; it is dangerous to 
use. See Chapter 12. 

The nitrogen will eliminate the danger of oxidation 
inside the rube. All tubing ends should be plugged im- 
mediately after cutting a length from the piece. 

Copper tubing is available in soft and hard types, 
Both are available in two wall thicknesses — K and L, 
Type K is a heavy wall. Type L is a medium thick wall. 
Most ACR tubing currently being used is the Type L. Soft 
copper tubing is supplied in 25', 50', and 100' rolls. 

Another type of copper tubing used in heating and 
plumbing is called "nominal size." This type of copper 
tubing is used on water lines, drains, and in other ap- 
plications. It is never used with refrigerants. 

Soft Copper Tubing 

Soft copper tubing is used in domestic work and in 
some commercial refrigeration and air conditioning 
work. It is annealed (heated and then allowed to cool). 
This makes it flexible and easy to bend and flare. (A flare 



61 



62 



Modern Refrigeration and Air Conditioning 



is an enlargement at the end of a piece of flexible tubing 
by which the tubing is connected to a fitting or another 
piece of tubing.) Being easily bent, this tubing must be 
supported by clamps or brackets. Soft copper tubing is 
most often used in connection with flared fittings (Soci- 
ety of Automotive Engineers (SAE) standards) and soft 
soldered fittings. Soft copper tubing is sold in 25'+, 
50'+, and 100' rolls. Sizes most commonly used are 
3/16", 1/4", 5/16", 3/8", 7/16", 1/2", 9/16", 5/8", and 
3/4" outside diameter (OD). Wall thickness is usually 
specified in thousandths of an inch. Figure 2-1 is a table 
of common copper tube diameters and thicknesses. 



Outside 
Diameter 


Wall 
Thickness 


1/4 
3/8 


.030 
,032 


1/2 
5/8 


,032 
.035 


3/4 
7/8 


.035 
.045 


1 1/8 
1 3/8 


.050 

.055 



Figure 2-1. Copper tube sizes used in refrigeration 
work. Both soft- and hard-drawn sizes are the same as 
the measurements listed in the table. Outside diameter 
size for this tubing is the actual outside diameter of tube. 

Soft copper tubing may be worked to give it cer- 
tain properties. It can be hardened by repeated bending 
or hammering. This is called work hardening. It can be 
softened by annealing, as explained earlier. 

Tubing must be installed so that there is no strain 
on it when the job is completed. Horizontal loops may 
be used to keep vibration from crystallizing the copper, 
making it crack or break. 

Hard-Drawn Copper Tubing 

Hard-drawn copper tubing is used in commercial 
refrigeration and air conditioning applications. Being 
hard and stiff, it needs few clamps or supports, particu- 
larly in larger diameters. 

Hard tubing should not be bent. Use straight lengths 
and fittings to form necessary tubing connections. 

Hard-drawn refrigeration tubing joints should be 
brazed. Soft solder should be used only on water lines. 
Hard-drawn tubing is supplied in 20' lengths. It is avail- 
able in the same diameters and thicknesses as soft cop- 
per tubing. 

Nominal-Size Copper Tubing 

Nominal-size copper tubing is a type used on 
water lines, drains, and in other applications. Nominal- 
size copper tubing is never used with refrigerants. It 
is available in both soft- and hard-drawn grades. 
The table, Figure 2-2, shows commonly used sizes and 



Nominal 

Size 

Inches 


Type 


OD 

Inches 


Wall 

Thickness 

Inches 


1/4 


K 


0.375 3/8 


0.035 




L 


0.375 3/8 


0.030 


3/8 


K 


0.500 1/2 


0,049 




L 


0.500 1/2 


0.035 


1/2 


K 


0.625 5/8 


0.049 




L 


0.625 5/8 


0,040 


5/8 


K 


0,750 3/4 


0.049 




L 


0.750 3/4 


0.042 


3/4 


K 


0.875 7/8 


0.065 




L 


0.875 7/8 


0.045 


1 


K 


1,125 1 1/8 


0.065 




L 


1,125 1 1/8 


0.050 



Figure 2-2. Nominal-size copper tubing. 
Type K— heavy wail is available in hard and soft temper. 
Type L — medium wall is available in bard and soft 
temper. Type K is used where corrosion conditions are 
severe. Type L is used where conditions may be 
considered normal. Outside diameter sizes indicated by 
dimension are 1/8" (.125") larger than nominal size. 



wall thicknesses of this tubing. The wall thickness 
(type) is indicated by use of a letter after the nominal 
size. 

Copper tubing used for such applications is often 
referred to by its nominal size. If you measure the OD, 
you will notice that the OD is 1 /8" larger than that listed 
under nominal size. 

When purchasing fittings for this tubing, it is im- 
portant that the fitting size is the same as the size tub- 
ing purchased. You should order all the tubing, valves, 
and fittings by nominal size or order all by OD, to avoid 
problems. 



2.1.2 Steel Tubing 

Some thin- wall steel tubing is used in refrigeration 
and air conditioning work. These sizes are practically the 
same as for copper tubing. Connections may be made 
on steel tubing by using either flared joints or brazed 
joints. 

Copper or brass tubing must not be used with re- 
frigerant R-717 (ammonia), Use steel tubing instead. 
There is a chance of chemical reaction (corrosion) be- 
tween ammonia and copper. 

Two types of steel tubing are in common use. One 
type has a double lap brazed construction using SAE 
1008 mild steel. The other is butt welded, using the same 
type steel. 
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2.1.3 Stainless Steel Tubing 

Stainless steel tubing comes in the typical refrigera- 
tion tube sizes. The most common sizes are listed in the 
table, Figure 2-3. Stainless steel is strong and very resis- 
tant to corrosion. It may be easily connected to fittings 
by flare fittings or brazing. 

Stainless steel tubing No. 304 is commonly used. 
This is a low -carbon iron alloy containing 18% chro- 
mium and 8% nickel. It is often used in food process- 
ing, ice cream manufacture, milk handling systems, and 
the like. Type 304 stainless steel is not magnetic. 

2.1.4 Metric Tube Sizes 

Metric-sized tubing is used in some refrigeration 
and air conditioning systems. The standard sizes are 6, 

8, 10, 12, 14, and 15 millimeters (mm) OD. 

2.1.5 Plastic Tubing 

Polyethylene is one of the most common substances 
used in the manufacture of plastic tubing. Sizes and sug- 
gestions for its use are shown in Figure 2-4. 

The usual safe temperature range for polyethylene 
tubing is from -100 to +175T (-73 to 79°Q. Therefore, 
never use this tubing in installations where fluid tem- 
perature goes beyond these limits. 

In general, polyethylene tubing is not used in the 
refrigerating cycle mechanisms. It is used for cold water 
lines, water-cooled condensers, and the like. Polyvinyl 
chloride (PVC) pipe is used mainly in high pressure ap- 
plications at low temperatures for water and gas. 

Special fittings are available for connecting polyeth- 
ylene tubing to refrigeration and air conditioning mecha- 
nisms, 

2.1.6 Flexible Tubing (Hose) 

In many refrigeration and air conditioning applica- 
tions, the liquid lines and suction lines must be flexible, 
Figure 2-5. This is particularly true in many commercial 
and industrial refrigeration and air conditioning appli- 
cations. 

Air conditioning equipment on motor vehicles re- 
quires flexible tubing. This type of hose is made from a 
variety of special materials. Such materials do not age 
and remain flexible. These materials do not allow fluid 
to leak through the hose wall. They are easy to attach to 
fittings. 



Outside 
Diameter 


Wall 
Thickness 


Burst 

Pressure 

psi 


Minimum 

Bend 

Radius 


1/8" 


.020 


500 


1/2" 


3/16" 


.030 


500 


1/2" 


1/4" 


.040 


400 


1" 


5/16" 


.062 


600 


1 1/8" 


3/8" 


.062 


350 


1 1/4" 


1/2" 


.062 


250 


2 1/2" 



Figure 2-4. Plastic tubing specifications. Note that there 
are four different thicknesses used in this size range of 
plastic tubing. (Imperial Eastman, Imperial Division) 
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Figure 2-5. 

systems. 



Thermoplastic hose used in refrigeration 



Flexible Hose Fittings 

There are various types of flexible hose fittings 
available. See the descriptions listed in Figure 2-6. 



O-Ring 





Figure 2-6. Assorted nylon fittings suitable for use with 

refrigerant hose. A—Coupling, straight male 45" flare, 
threaded reusable. B — Coupling, straight male push-on 
barb-type reusable, with O-ring seal. C — Coupling, 
straight male 45° flare permanent (crimped-on and not 
reusable). D — Coupling, 90° male push-on barb-type 
reusable, with O-ring seal, E— Coupling, straight male 
45° flare push-on. 



Outside Diameter 


Wall Thickness 


Fractions 
Decimals 
Millimeters 


1/4 
.250 
6.35 


3/8 
.375 

9.52 


1/2 
,500 
12.7 


5/8 
.625 
15.87 


3/4 
.750 
19.05 


1 

1.000 

25.40 


1 1/4 
1.250 
31.75 


(All of the stainless 
steel tubing is available 
in various wall thick- 
nesses (BWG)* - 
31 to 20 gage.) 



*- Birmingham Wire Gage 
Figure 2-3. Stainless steel tubing sizes are given in fractions and decimals of an inch, and in millimeters. 
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Flexible hose fittings are usually made of brass. Ny- 
lon fittings are sometimes used. Synthetic rubber O-rings 
are put on some of these fittings to provide a better seal. 
The attachment end of these fittings conforms to the 
standard SAE fittings specifications. 



2.2 Cutting and Bending Tools 

There are numerous types of cutting and bending 
tools used on copper and plastic tubing. See Figure 2-7. 
These tools and their uses are described in the follow- 
ing paragraphs. 



Roller 
Pins 




Figure 2-7. An assortment of cutting, bending, and 
daring tools. A — Lever-type tube bender. B — Tube cutter. 
C — Flaring tools. D — Tube expander. E — Propane torch. 
F — Inner/outer reamer. G — Spring-type tube bender. 
(Ridge Tool Company) 



2.2.1 Cutting Tubing 

To cut tubing, use either a hacksaw or a tube cut- 
ter. The tube cutter is usually used on smaller, annealed 
(soft) copper tubing. The hacksaw is preferred for cut- 
ting larger, hard copper tubing. If a saw is used, a wave 
set blade of 32 teeth per inch will do the best job. (See 
Section 2.9.12.) The tubing should be straight and cut 
squarely (90°) to eliminate an off-center flare. The cutter 
usually leaves some sharp burrs on the cut ends. Burrs 
must be removed by reaming (scraping with a pointed 
tool). Most tube cutters have a reamer. 

Figure 2-8 illustrates a wheel-type cutter. For con- 
fined areas, the technician can use a mini-tubing cutter, 
Figure 2-9. Its operation is similar to the standard tube 
cutter. This type of cutter is available for cutting copper 
tubing from 1/8" to 1 1/8". 



■ Grooved 
Roller 



■ Cutting Wheel 

Fast-Action System 




Fold-Away Reamer Blade 



Tightening Knob 



Figure 2-8. A tube cutter. Note attached reamer which 
is used to remove burrs from inside of tube after cutting. 
Grooves in the rollers allow cutter to be used to remove 
flare from tube with little tubing waste. (Uniweld 
Products, Inc.) 




Cutter 



■ Tightening Knob 



Figure 2-9. A mini-tubing cutter is used in compact 

areas. (Uniweld Products, Inc.) 



It is important that no filings or chips of any kind enter 
the tithing. When cutting tubing with a hacksaw, do not 
allow the chips to fall into the section that is to be used. 
Figure 2-10 illustrates a sawing fixture. 

If soft tubing is used, pinch the end of the tube on 
the unused side of the cut. This eliminates the danger 
of chips entering the tubing. It also seals the tubing 
against moisture and protects it until used. In hard cop- 
per tubing installation, cap or plug the ends of the un- 
used section. 

To provide a full-wall thickness at the end of the 
tubing, many service technicians file the end of the tub- 
ing using a smooth or medium cut mill file. (See Section 
2.9.11.) Again, do not allow any filings or other materi- 
als to fall into the tubing. 

2.2.2 Bending Tubing 

It takes practice to become good at bending tubing. 
Special bending tools are not needed for smaller sizes 
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Figure 2-10. Sawing fixture to ensure square and 
accurate cuts when using a hacksaw to cut tubing. This 
method is recommended for cutting hard-drawn copper 
and steel tubing. (Imperial Eastman, Imperial Division) 

used in domestic appliances. However, a much neater 
and more satisfactory job is possible with such tools. 

Tubing should be bent so that it does not place any 
strain on the fittings after it is installed. Be very careful 
when bending the tubing to keep it round. Do not al- 
low the tubing to kink, flatten, or buckle. The minimum 
radius for a tubing bend is between 5 and 10 times the 
diameter of the tubing as shown in Figure 2-11. 

Tubes should be bent quite slowly and carefully. It 
is always wise to use as large a radius as possible. This 
reduces the amount of flattening. It is also easier to bend 
a large radius. Do not try to make the complete bend in 
one operation; rather, bend the tubing gradually. There 
is less danger that the sudden stress will break or buckle 
the tubing. 

An inexpensive tool called a bending spring is 
shown in Figure 2-12. It may be easily carried in a tool 
kit. These are available in a variety of sizes. They can be 
used both inside and outside the tubing. Bending 
springs can be used internally for making bends near the 
end of the tubing. 

An internal bending spring for 1 /2" OD tubing may 
be used as an external bending spring for 1 /4" OD tubing. 



5x Diameter 




=3- 



Diameter 



3- 




Twist to 
Remove Spring 

Figure 2-12. Three spring benders used for 1/4" through 
3/4" tubing. Tube bending spring may be fitted either 
outside or inside copper tube while bending tube. 
Bending spring reduces danger of flattening tube while it 
is being bent. (Uniweld Products, Inc.) 



Use the spring bender externally in the middle of long 
lengths of tubing. 

Bending springs tend to bind on the tubing after the 
bend. They may be easily removed by twisting the 
spring. This changes the spring diameter slightly so the 
grip on the tubing is released. 

If a bend is to be made near the flare and an exter- 
nal spring is to be used, bend the tubing before making 
the flare. An internal spring can be used either before or 
after the flaring operation. 

Other tools are available for bending operations. A 
gear-type bending tool is shown in Figure 2-13. 




Figure 2-11. Minimum sate bending radius for bending 
tubing. 



Clamp 



Figure 2-13. Tube bender which will produce accurate 

bends. It will reduce danger of flattening or buckling 
tube while it is being bent. (Imperial Eastman, Imperial 
Division) 
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A triple-size tube bender is shown in Figure 2-14. 
This type of bender is used for 1/4", 5/16", and 3/8" OD 
tubing. The calibrated markings allow the technician to 
make accurate left-hand, right-hand, and offset bends. 
Figure 2-15 shows some practice bends on tubing. 



Degree 
of Bend 




Figure 2-1 4. Triple-size lever-type tube bender. As shown, 
tool is making 90° offset bend. (Uniweld Products, Inc.) 



h 



■5 in, 



1 1/4 in. 



•*> 



90 a 



■Sin. 



2 1/2 in. 
90° 



B 



12 in.' 



360= 



2 1/2 in. 



■ 15 in. 



2 1/2 in. 



180 5 



Figure 2-15. Some practice bends on tubing. A — 90° 
bend on 1/4" tubing. B—90° bend on 1/2" tubing. 
C—360° bend on 1/4" tubing. D—180° bend on 1/2" 
tubing. 



2.3 Connecting Tubing 

Tubing walls are too thin for threading. Therefore, 
other methods of joining tubing to tubing and tubing to 
fittings must be used. The three common methods are: 

• Flared connections. 

• Soldered connections. 

• Brazed connections. 



2.3.1 Flared Connections 

When connecting tubing to fittings, it is common 
practice to flare the end of the tube. Fittings designed to 
grip the rube are then used. Special tools are used for 
making flares. 

Figure 2-16 illustrates how a tubing flare is used to 
form a leakproof joint between a tube and fitting. It also 
shows some flares which were incorrectly made. A cor- 
rectly formed flare is squeezed tightly between the flare 
nut and the coupling. A vapor-tight seal results. 

Some flares are made from a single thickness of the 
tube. Other flares are made with a double thickness of 
metal in the flare surface. These double flares are 
stronger and usually cause few problems if properly 
made. 

Most flares are made at a 45° angle to the tube. 
Flares on steel tubing, however, are usually made at a 
37° angle. This is because steel tubing is harder to flare 
than copper tubing. 

Single-Thickness Flare 

To make a flare of the correct size using a flaring 
block, do the following: 

1. Carefully prepare the end of the tube for flaring. 
The end must be straight and square with the tube. 
The burr from the cutting operation must be re- 
moved by reaming. Figure 2-17 shows the steps 
necessary to prepare a tube for flaring. 

2. Use a 10" smooth mill file to square the end of tire 
tube. Use great care that no filings enter the tubing. 
Next, use a burring reamer to remove the slight burr 
remaining after the cut-off operation. 

3. A flaring tool which may be used to make a single- 
thickness flare is shown in Figure 2-18 A. A flaring 
tool suited for flaring either fractional size or milli- 
meter size tubing is shown in Figure 2-1 SB. 

4. Place the flare nut on the tubing with the open end 
toward the end of the tubing. Insert the tube in the 
flaring tool so that it extends above the surface of 
the block as shown in Figure 2-19A. Tills allows 
enough metal to form a hill flare. Tighten the clamp 
so the tube cannot move. 

5. If the tube extends above the block more than the 
amount shown, the flare will be too large in diam- 
eter and the flare nut will not fit over it. If the tube 
does not extend above the block, the flare will be 
too small. It may be squeezed out of the fitting as 
the flare nut is tightened. Figure 2-19B shows ap- 
pearance of completed flare. 
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Flare is Uneven 



Burrs on Edge 



Figure 2-16. Flared fittings. 

To form the flare, first put a drop of refrigerant oil 
on the flaring tool spinner where it will contact 
the tubing. Tighten the spinner against the tube 
end one-half turn and back it off one-quarter 
turn. Advance it three-quarters of a turn and again 




Tube after Being Cut 



.#/.///;//, 





S///////77. 



Tube after Being 
Squared with a File 




'I 





J////;/77777\ 



Filed, Reamed, and 
Ready for Flaring 



zzzzzzzzzzm 




Figure 2-17. End of tube must be carefully prepared 

before flaring. 



back it off one-quarter turn. Repeat the forward 

movement and backing off until the flare is 

formed. 

Some technicians make the flare using one continu- 
ous motion of the flaring tool. That is, they do not use a 
back-and-forth motion. It is believed by some that the 
constant turning of the tool, without back turning, may 
work harden the tubing. It would then be more likely to 
split. 

Other technicians like to use a flare which is not 
completely formed — about seven- eighths complete. They 
depend on the tightening of the flare nut on the flare to 
complete it. 

Do not tighten the spinning tool too much. This 
would thin the wall of the tubing at the flare and weaken 
it. 

Always place the flare nut on the tube in the proper 
position before the flare is made. It cannot, in most cases, 
be installed on the tube after it has been flared, 

Double-Thickness Flare 

Double-thickness flares are formed with special 
tools. Figure 2-20 illustrates a cross section through a 
simple block-and-punch type of tool used to make a 
double flare. The correct shape of the double flare is 
shown in the final operation, Figure 2-20D. Some 
flaring tools have double flare adaptors, Figure 2-21. 
These make it possible to form either single or double 
flares. 

Figure 2-22 shows the steps for making a double 
flare using the tool shown in Figure 2-21. Double- 
thickness flares are recommended only for larger size 
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Flare Handle 




Clamp-Tightening - 
Handle 




Clamp-Tightening . 
Handle 



B 



Figure 2-18. Flaring tools. A— Popular style used for making single-thickness flares on refrigeration tubing. Flaring 
block is split, making it easy to insert the clamp tubing in place for flaring. Note 45" chamfer in block, which gives the 
flare its correct shape. (Uniweld Products, Inc.) B— Flaring tool having an adjustable tube-holding mechanism which 
permits flaring tubing 3/16" to 5/8" OD and 5 mm to 16 mm OD. (Reed Manufacturing Co.) 



r<3 



1/3H 





Spinner 



Flaring 
Block 



Figure 2-19. Tubing to be flared should extend slightly 
above flaring block to allow enough metal to form a 
satisfactory flare. Amount to allow is about one-third the 
height of the flare. A — Proper position of tube in flaring 
tool before flaring. B — Completed flare. 





tubing, 5/16" and over. Such flares are not easily formed 
on smaller tubing. The double flare makes a stronger 
joint than a single flare. 

Annealing Tubing 

If a tube splits while being flared, it may be due to 
the age of the tubing. Old tubing becomes brittle after a 
period of use and cannot be flared satisfactorily. 

To remedy this brittle condition, anneal (soften) the 
tubing by heating to a dull, cherry red or blue color and 
allowing it to cool slowly. Rough handling (such as 
pounding) or bending the tubing tends to work harden 
it. Hard-drawn tubing cannot be bent or flared unless 
annealed. 





Figure 2-20. Simple block and punch tool for forming double flares on copper tubing. A — Tube is clamped in body of 
flaring block. B — Female punch bends end of tube inward. C — Male punch is inserted in partially flared tube. D — Male 
punch folds end of tube downward to form double thickness and expand flare into final form. 
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Figure 2-21 . Flaring tool. The adaptors can be used to 

create a variety of flares, (Ritchie Engineering Company, 
Inc.) 



Adaptor 
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Figure 2-22. Correct procedure for forming a double 
flare using a tool like the one shown in Figure 2-21 

2.3.2 Flared Tube Fittings 

To attach a fitting to soft copper tubing, a flared- 
type connection is generally used. There are many dif- 
ferent fitting designs on the market. The accepted stan- 
dard for refrigeration is a forged fitting. Some of these 
have National Pipe (NP) threads. Some have Society of 
Automotive Engineers (SAE) National Fine (NF) 
threads. See Figure 2-23. 

The fittings are usually made of drop-forged brass. 
They are accurately machined to form the threads, the 
hexagonal shapes for wrench attachment, and the 45° 
flare for fitting against the tubing flare. These threaded 
fittings must be carefully handled to prevent damage to 
them. 

All fitting sizes are based on the tubing size. For 
example, a 1/4" flare nut attaches 1 /4" tubing to a flared 
fitting even though it has 7/16" NF internal threads and 
uses a 3/4" wrench to turn it. 

Figure 2-24 is a table of common flared fitting sizes. 
Catalog listings of tube fittings usually provide a code 
number to indicate the size. The code number 3 indi- 
cates that the fitting fits 3/16" tubing. Code number 4 
indicates that it fits 1/4" (4/16). Code number 8 fits 1/2" 
tubing (8/16). 

Some tubing fittings have pipe threads on one end. 
Pipe threads taper 1/16" in diameter for every inch in 
length. 

With more plastic tubing being used, special fittings 
for plastic are now available. These fittings are made of 




MfW 



Figure 2-23. Some of the more common flare-type 
fittings used in refrigeration and air conditioning work. 
A — Flared tee fitting, male flare x male flare. B— Flared 
union coupling, male flare x male flare. C— Flared half 
union coupling, male flare x male pipe. D— Flared 90° 
elbow, male flare x male flare. E— Flare nut (Mueller 
Refrigeration Products Co., Division of Mueller 
Industries, Inc.) 

brass, aluminum, and polyethylene materials. Plastic 
tubing is not flared like copper. Rather, a compression- 
type fitting is used, as shown in Figure 2-25. 

2.3.3 Metric-Size Tube Fittings 

Metric-size tubing, as described in Section 2.1.4, 
requires metric-size fittings. These are very similar to 
U.S. conventional-size fittings and are used in the same 
way. The technician must be careful not to mix U.S. 
conventional-size fittings with metric-size fittings. 

2.4 Soldered or Brazed Tubing Fittings 

Most tube and fitting connections are made by either 
soldering or brazing. Soldered joints are used for water 
pipes and drains. Brazed joints are used for refrigerant 
pipes and tubing. The terms "soft soldering" and "braz- 
ing" are often misused. The difference between soldering 
and brazing is the lower temperature at which solder 
flows. If the temperature required to melt the alloy used 
to join copper tubing is below 840°F (450°C), it is consid- 
ered soldering. If the temperature required to flow the 
alloy is above 840°F (450°C), it is referred to as brazing. 
See Figure 2-26. 

Soldered joints use a capillary action to draw molten 
solder into the area between the fitting and the tube. The 
selection of a solder is based upon two factors: operating 
pressure and temperature of the line, A tin-antimony sol- 
der is appropriate for moderate pressures and tempera- 
tures. It melts at 360 3 F (182°C) and is fluid at 415°F 
(213°C). For higher pressures or greater joint strength, a 
95/5 tin-antimony solder is used. This mixture contains 
95% tin and 5% antimonv. A 95/5 solder melts at 450 C F 
(232°C) and is fully liquid at 465°F (241 °C). 
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Refrigeration Fittings {Flared Type) 
Sizes Are Based on the outside Diameter of ttie Tubing 



Name and Description 



Nut Forged 

Union (Threads same size). . 

Half Union (1/8 Pipe) 

Half Union (1/4 Pipe) 

Half Union (3/3 Pipe) 

Half Union (1/2 Pipe) 

Eibow 

Elbow (One 1/8 Pipe) 

Elbow (One 1/4 Pipe) 

Eibow (One 3/8 Pipe) 

Elbow (One 1/2 Pipe) 

Tee (Threads same size) . . . 

Tee (One 1/8 Pipe) 

Tee (One 1/4 Pipe) 

Tee (One 3/8 Pipe) 

Tee (One 1/2 Pipe) 

Cross . , 

Flared Tube Sealing Plug , . 
Flared Tube Sealing Cap . . . 
Flared Tube Copper Seal Cap 



Union (Reducing) . 
Elbow (Reducing). 
Tee (Reducing) . . 



1/4 



X 
X 

X 
X 



X 
X 
X 



X 
X 



X 
X 



5/16-1/4 
5/16-1/4 

5/16-1/4 



5/16 



X 
X 
X 
X 



X 
X 
X 



X 
X 



X 
X 
X 
X 

3/8-1/4 

3/8-1/4 
3/8-1/4 



3/8 



X 

X 



X 
X 

X 
X 



X 
X 
X 
X 

1/2-1/4 
1/2-1/4 

1/2-1/4 



7/16 



X 
X 



X 
X 

X 
X 



X 
X 
X 
X 

1/2-3/8 
1/2-3/8 
1/2-3/8 



1/2 



X 
X 



X 
X 

X 
X 



X 
X 
X 
X 



5/8-1/2 
5/8-1/2 



5/8 



X 
X 



X 
X 



X 

X 



X 
X 
X 
X 
X 



Figure 2-24. Some of the more popular flared copper tube fittings used in refrigeration and air conditioning. The 
reducing fittings are used for connecting tubing of different sizes. 
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Figure 2-25. A compression-type fitting used with 
polyethylene tubing. Caution: Polyethylene is a soft 
substance and very little tightening is needed. While 
most fittings are made with flats for wrench tightening, 
most polyethylene installations require little more than 
"finger tightness. " (Imperial Eastman, Imperial Division) 

Brazing produces a stronger bond than soldering. 
Brazing filler metals can join similar and dissimilar met- 
als at brazing temperature. Brazing filler metals melt at 
temperatures in the range of 1Q00°F to 1500T (538 a C to 
816°C). Some filler metals used for brazing copper tub- 
ing are of two categories: alloys containing 30% to 60% 
silver. Others are copper alloys which contain some 
phosphorus. These two classes vary in melting, flowing, 
and fluxing characteristics. Strong joints can be made 
with either class of filler metal. Strength of a brazed cop- 



per joint depends more upon proper clearance between 
the tube and the socket of the fitting. 



2.4.1 Soldering 

Soldering is a process of applying molten (melted) 
metal to metals that are heated but are not molten. It is 
an adhesion process. (In adhesion processes, one part is 
bonded to or is stuck to another by a third material.) The 
molten solder flows into the pores of the surface of the 
metals being joined. As the solder solidifies (hardens), a 
good bond is obtained. 

A good sweat joint begins with first cleaning the 
parts to be joined, followed by fluxing and assembling 
them. The assembly is then heated. As soon as the joint 
reaches the flowing temperature of the solder, solder is 
added to the joint and flows into it. After the solder 
cools, it will seal and connect the surfaces. The step -by- 
step procedure for making a sweat joint is shown in 
Figure 2-27. 

When assembling swaged (shaped) tube-to-rube 
joints, or when connecting tubing to a fitting, thoroughly 
clean the mating parts. Next, apply flux to the outside 
of the rube. (Flux is a substance that does not actually 
clean the metal. Rather, it keeps the metal clean once soil 
has been removed.) Insert the tube into the fitting 1/16" 
to 1/8". Rotate one of the pieces to spread the flux evenly 
over both the internal and external surface. See Figure 
2-28. Using this rotation technique will eliminate any 



Chapter 2 Refrigeration Tools and Materials 



71 




Figure 2-26. A brazing tiller metal joining a copper 
tube and a copper tee fitting. (Lucas-Milbaupt, Inc., A 
Handy & Harman Company) 
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Figure 2-28. Brazing or soldering flux may be a source 
of corrosion in a system. Apply flux to joints as above so 
that it will not get into system. 




Step 1 . Cut tube to length and remove burr with file or scraper. 




Step 3. Clean inside of fitting with a clean wire brush, or abrasive 
paper or cloth. Do not use emery cloth. 




Step 5. Apply heat with torch. When solder melts upon contact 
with heated fitting, the proper temperature for soldering 
has been reached. Remove flame and feed solder to the 
joint at one or two points until a ring of solder appears at 
the end of the fitting. 




Step 2, Clean outside of tube with clean abrasive paper or 
cloth. 




Step 4. Apply flux thoroughly to outside of tube — assemble 
tube and fitting. 




Step 6. Tap larger sized fittings with mallet while soldering, 
to break surface tension and to distribute solder evenly in 
joint 



Figure 2-27. Recommended step-by-step procedures to follow when soldering tubing. (Mueller Refrigeration Products 
Co., Division of Mueller Industries, Inc.) 



72 



Modern Refrigeration and Air Conditioning 



possibility of flux entering the system. When this is 
done, apply the necessary heat for soldering or brazing. 

Avoid swaging steel tubing (shaping by hammer- 
ing). It is harder (less ductile) and may crack or split. 
Sometimes the process tube of a hermetic motor com- 
pressor is made of steel. Many technicians clean the 
tubing before cutting it. This helps to keep dirt out of 
the system. 

Sometimes a small tube is soldered directly into a 
larger tube. One tubing should extend into the other the 
same distance as the diameter of the larger tubing. For 
example, if a 1/4" tube is placed into 5/16" tubing, they 
should overlap 5/16". 

Figure 2-29 illustrates some common fittings, which 
may be either soldered or brazed to tubing. All brass and 
copper parts may be easily soldered. To solder: 

1. The surfaces to be soldered must be very clean. 

2. A good clean flux must be used. 

3. A good source of clean heat must be on hand. 

4. The parts being soldered must be firmly supported 
during the soldering operation. 

Surfaces being soldered must be free of grease, dirt, 
and oxides. Flux does not clean the metal. It keeps the 
metal clean once soil has been removed. Before solder- 
ing, thoroughly clean the surfaces to be soldered. Sur- 
faces can be cleaned by filing, scraping, sanding, or by 
using steel wool and wire brushes. 

Apply flux thoroughly to outside of tube. Flux for 
this type of work should have no corrosive properties. 
Acid flux should not be used. It tends to corrode fittings, 
making them unsightly and difficult to work on later. 

Solder in usually used in wire form. Hard-to-reach 
surfaces can be easily supplied with solder just by bend- 
ing the wire to the needed shape. 

A tin-antimony alloy is usually satisfactory for soft 
soldering. Solders containing as much as 95% tin are 
now being recommended for soldered joints subjected 
to very low temperatures. Do not solder with 100% 
tin. Pure tin may slowly disintegrate when exposed to 
cold. 





Figure 2-30. Portable acetylene-air torch. Unit shown 
has two different types of flame tips for soldering and 
brazing. (Uniweld Products, Inc.) 

A portable air-acetylene torch is shown in Figure 
2-30. The air-acetylene mixture provides maximum tem- 
perature of 2700°F (1482°C). Therefore, this type of sys- 
tem is used mainly in residential and small commercial 
systems. These types of systems are not under heavy 
movement as large, commercial systems might be. 

Figure 2-31 illustrates a flame-free alternative to 
torches, the electric soldering gun. It is lightweight and 
can sweat joints on copper tube up to 3". The electric sol- 
dering gun operates on a standard 115 V, 15 A outlet and 
can reach temperatures that will melt all solder, includ- 
ing the 95/5 lead -free types. 

For good soldering, the metal being joined must be 
hot enough to melt the solder. This is the only way the 
solder will go into the pores of the metal. When the 
metal is hot enough, touch the solder to the metal. Do 
not overheat. Keep testing the metal with the solder 
wire. Heat the metal only until the solder flows. 

While soldering, it helps to "wipe" the surfaces af- 
ter putting some solder on. Use a clean cloth, a brush, 
or the solder wire itself. This action will remove any dirt 
and will help coat the surface. 




Figure 2-29. Common fittings which may be either 
soldered or brazed to tubing. A — Coupling with roiled 
stop, sweat x sweat. B — Tee, sweat x sweat x sweat. 
C — 90° elbow, sweat X sweat. D — Adaptor, 
sweat X male pipe thread (mpt). (NIBCO Inc.) 




Figure 2-31. An electric soldering gun that s wears 
joints on copper tube up to 3". It has two power settings, 
allowing control of the heat being applied to the joint. 
(Ridge Tool Company) 
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If the parts are at the correct temperature and have 
been cleaned and fluxed, the solder will flow over the 
surface quickly. Remember not to heat the solder directly 
with the torch. 

Never use oxygen when testing for leaks. Any oil in 
contact with oxygen under pressure will form an explo- 
sive mixture. 

2.4.2 Brazing 

Brazing is one of the best methods of making leak- 
proof connections. These joints are very strong and will 
stand up under the most extreme temperature condi- 
tions. 

Oxyacetylene brazing equipment is used to achieve 
maximum strength and a leakproof joint. A small, por- 
table system is shown in Figure 2-32. "Oxyacetylene" 
means the addition of pure oxygen to burning acetylene. 
The combined mixture produces a maximum tempera- 
ture of 6000T (3316°C). This allows a minimal amount 
of heat to be transferred down the copper tubing when 
brazing in a compressor, line drier, filter, etc. The 
technician is able to braze replacement items in place 
without damaging them through heat transfer. See 
Figure 2-33. 

Correct use of oxyacetylene requires metering of the 
flow of oxygen and acetylene. The oxygen tank and the 





Figure 2-32. Portable oxyacetylene outfit with tanks 
and different types of tips. (Uniweld Products, Inc.) 



Figure 2-33. Oxyacetylene brazing in a drier. (Uniweld 
Products, Inc.) 

acetylene tank have pressure regulators and a set of 
gauges. One gauge registers tank pressure; the other dis- 
plays the pressure at the torch. 

Acetylene is a highly flammable gas, especially 
when mixed with oxygen. Therefore, safety glasses 
should always be worn when brazing. Never point the 
torch (lit or unlit) toward an open flame or source of 
sparks. Light the torch only with a sparker — do not use 
matches. 

The acetylene valve adjusts the flame size. Slowly 
turn the oxygen valve to obtain type of flame required. 
A "neutral flame" is most efficient in brazing. It has a 
blue cone with a bit of reddish purple at the tip. 

Brazing can be done easily if the correct procedures 
are followed: 

1. Degrease parts and clean the joints thoroughly. 

2. Fit the joints closely and support all parts. 

3. Apply the clean flux recommended for the brazing 
alloy. Follow the manufacturer's mstructions. 

4. Heat evenly to recommended temperature. Keep 
the torch moving constantly in a "figure-8" motion. 

5. Apply brazing alloy to the heated parts. Do not heat 
(melt) the brazing alloy with the torch. 

6. Cool the joint. 

7. Clean the joint thoroughly, using warm water and 
a brush. Be sure all flux has been removed. 

An oxyacetylene torch is an excellent heat source for 
brazing. However, you must have training in its safe use. 

Be sure to use flashback arrestors at both the acety- 
lene and oxygen regulators. 

There are various brazing alloys on the market. 
Most have a 35% to 45% silver content. This material 
usually starts melting at 1120°F (604°C) and flows at 
1145°F (618°C). Contact a local welding supply house or 
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air conditioning and refrigeration wholesaler for braz- 
ing supplies. 

Caution: Carefully check the specifications of 
the brazing alloy used. If if contains any amount of cad- 
mium (Cd), be sure that the work space is well ventilated. 
Do not breathe any of the fumes. Keep fumes away 
from your eyes and skin. Cadmium fumes are very poi- 
sonous. 

The parts to be brazed must be carefully cleaned 
and fitted accurately. Dirt must be removed from any ex- 
ternal surface. Use a fine grade of stainless steel wool 
for cleaning the exterior. Internal surfaces can be cleaned 
with stainless steel wire brushes or stainless steel wool 
rolled on a rod. 

Tire parts must have contacting surfaces of suffi- 
cient area, such as a tube sliding into a fitting (not a drive 
fit), Figure 2-34. The contacting surfaces need not be 
very large (three times the smallest section). 

If the parts are dented or are out of round, these 
faults must be corrected before brazing. It is important 
to support all the parts securely so they will not move 
during brazing. 

Make sure that no flux enters the system during 
brazing, as it cannot be easily removed. Avoid overflux- 
ing by applying the flux to the surface that is to slide 
into the part, Figure 2-28. The excess flux will then stay 
on the outside. 

All air must be removed from the tubing being 
brazed. This can be best done by purging the tubing 
with either carbon dioxide or nitrogen, as shown in 
Figure 2-35. Any oil inside the tubing or part may be 
vaporized by the heat of the torch. Oil vapor mixed 
with air will explode if ignited. Using a nonflammable 





Figure 2-35. A line being brazed to compressor. 
Low-pressure carbon dioxide or nitrogen is purged 
through the Sine into the compressor during brazing to 
prevent fire or explosion. (Uniweld Products, Inc.) 

gas such as carbon dioxide or nitrogen will eliminate 
this hazard. 

Caution: Never use a refrigerant, oxygen, or com- 
pressed air when brazing. 

Heating of the joint must be done carefully. The flux 
behavior is a good indication of the temperature of the 
joint as the heating progresses. 

1. Keep the joint covered with the flame all during the 
operation to prevent air getting to it. 

2. The moisture (water) will boil off. At 212°F (100°C), 
the flux will turn milky in color. 

3. Next, it will bubble at about 600°F (316°C). 
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Figure 2-34. Suggestions for making joints to be brazed. Actual thickness of brazing is exaggerated to show its 
application. (Lucas-Miihaupt, inc., A Handy & Harman Company) 
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4. At 800°F (427 D C), the flux lies on the surface and has 
a milky appearance. 

5. Following this, it will turn into a clear liquid at 
about 1100°F (593°C). This point is just short of the 
brazing temperature. 

The alloy itself begins to melt at 1120°F (604°C) and 
flows at 1145°F (618°C). A torch tip several sizes larger 
than the one used for soldering should be used. Be sure 
to heat both pieces which are to have the alloy adhered 
to them. 

The proper brazing temperature will be indicated 
by the color of the secondary flame. The flame will start 
to show a green shade as the brazing temperature is 
reached. For silver brazing, a clear flux and /or a green 
flame show the proper temperature. 

When heating a copper-to-steel joint, heat the cop- 
per first. It takes more heat because it carries it away 
faster. Put some flux on the brazing rod to help it flow 
quicker. 

When cutting capillary tubing, notch all around it 
with a triangular file. Break the tubing by bending back 
and forth (small bends). The tubing ID will then 
remain full size. A tube cutter would reduce inside 
diameter. 

When brazing a capillary tube, do not let brazing 
material run to the end of the tube. It might partially 
close the hole (ID) of the capillary. Leaving the end 
of the tube uncleaned will help prevent this from 
happening. 

When brazing, the torch is never held in one spot. 
It should be moved around the entire area to be brazed. 
Many technicians prefer to move the torch in a 
"figure-8" motion. Larger torch tip sizes are recom- 
mended for brazing. This allows a soft flame and a large 
quantity of heat without excess pressure or "blow." A 
slight feather on the inner cone of the flame is good. See 
Figure 2-36. 

Cleaning the Brazed Joint 

Thoroughly wash with water and scrub the outside 
of the completed brazed joint. This is always necessary. 
Flux left on the metals will tend to corrode them or may 
temporarily stop a leak which will only show up later. 

The joint may be cooled quickly or slowly. Cooling 
with water is allowable. The same water may be used 
to wash the joint. 

Visual inspection will quickly reveal any places 
where the alloy did not adhere. It is best to watch for 
poor adhesion (dark cup-shaped areas). Then, any cor- 
rections can be made during the brazing operation im- 
mediately while the parts are still hot. 




Figure 2-36. Brazing copper tubing connection. See 
text for suggestions on flame movement. (Kramer Trenton 
Co., Brazing Book) 



2.5 Tube Couplings 

Tube couplings may be used to join aluminum tubes 
to copper tubes. This requires a process different than 
joining copper to copper. There are a variety of methods 
available for joining aluminum to copper. These include 
threaded mechanical fittings, flared and compression fit- 
tings, and epoxy resin and adhesive kits. Figure 2-37 
shows a threaded mechanical fitting. Figure 2-38 shows 
an adhesive kit being applied. It uses a tube coupling 
that shrinks when heated with a propane torch. It forms 
its copper-aluminum joint in about twenty seconds of 
heating. 



2.6 Swaging Copper Tubing 

Two pieces of soft copper tubing of the same diam- 
eter can be joined together without fittings. One piece is 
swaged (enlarged to receive another piece of tubing of 
the same diameter), as shown in Figure 2-39. 

Swaging of copper tubing is often done. It is more 
convenient to solder one joint than to make two flared 
connections. The length of the overlap of the two 
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Figure 2-37. Threaded mechanical fitting. Note the hex nut, tapered seal ring, and O-ring. (Watsco Components, Inc.) 
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Figure 2-38. Copper and aluminum tubing being joined 

with adhesive kit and beat from torch. 



1/2 in. Tubing 



1/2 



■ Overlap 



Figure 2-39. Two pieces of soft copper tubing 
assembled and ready for soldering or brazing to make 
joint. Note that pieces were of same diameter before one 
was swaged. 

pieces of tubing is important. As a rule, the length of 
overlap should equal the outside diameter (OD) of the 
tubing. 

Two types of swaging tools are commonly used — 
the punch-type and the lever-type. In both cases, differ- 
ent tool sizes are available for the many sizes of cop- 
per tubing. The punch-type swaging tool has an anvil 
block with several holes. See Figure 2-40. The copper 
tubing is inserted into the correct hole size in the anvil 
block. The tube is clamped in place. Then, a punch is 
hammered into the end of the tubing the desired 
distance. 

A combination flaring and swaging tool is shown 
in Figure 2-40. This type of tool can be used as a flaring 
tool using Block A or B. The block used will depend 
upon the diameter of the tubing. To use it as a swaging 
tool, swaging adaptors (C) are used. Turning the lever 
expands the tube to the proper size. 



2.7 Tube Constrictor 

Often, two tubes which fit together rather loosely 
must be soldered or brazed together. Good practice de- 
mands that the tubes be sized as close as .003" to each 
other. Figure 2-41 shows a special tool used to constrict 
the outer tube until it fits the OD of the inner tube. With 
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Swaging 
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B 

Figure 2-40. A — Combination flaring and swaging tool. 
B — Punch-type swaging tool. (Uniweid Products, Inc.) 



this tool, the joint can be easily soldered or brazed with- 
out leaks, while keeping flux out of the system. 

2.8 Pipe Fittings and Sizes 

Air conditioning and refrigeration installations 
make wide use of pipe fittings and pipe threads (Na- 
tional Pipe Threads or NP). Taper pipe threads are spe- 
cially formed V-threads made on a conical spiral. This 
taper causes the threads to seal as the fitting is tightened. 
Pipe threads taper 1/16" in diameter for every inch of 
length. Untapered threads can be made leakproof by use 
of a gasket or an American Standards Association (ASA) 
machined shoulder. 

Besides being tapered (or in a conical spiral), pipe 
threads are different from the National Fine (NF) series 
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Figure 2-41 . Combination tube cutter and constrictor. 
Different wheels are used for cutting and constriction. 
Note in the diagram that the outer tube has been 
constricted before soldering. (Ritchie Engineering 
Company, Inc.) 

and the National Coarse (NO series. NF and NC sizes 
are based on outside diameter. Pipe thread sizes are 
based on flow diameter, or roughly the diameter of the 
hole hi the pipe (inside diameter or ID). 

Figure 2-42 illustrates a male thread on a 1/2" pipe. 
The external threads are cut with a pipe die. The die is 
turned by a standard die stock, ratchet die stock, or 
power-driven die stock. 

Figure 2-43 shows the pipe thread tap. It is used 
with a tap wrench to cut female, or internal, threads. 
Special thread-cutting compound should be used when 
cutting pipe threads. The taps and dies must be kept 
clean and sharp. 
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Figure 2-42. A male thread on a 1/2" pipe. 
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Figure 2-43. Pipe tap. Note taper of threads. 
(TRW Greenfield Tap & Die Div.) 



Pipe fittings are supplied with the threads already 
cut. The most common fittings are the coupling, reduc- 
ing coupling, union, nipple, 90° elbow, reducing elbow, 
45° elbow, and street ell. The street ell is usually a 90° 
fitting with a male thread on one end and a female 
thread on the other end. A male-threaded pipe should 
be turned into the female fitting for a distance of five 
threads for a good seal. 

The threads are made self-sealing by the pressing 
together of the sharp V-threads as they are assembled. 
Various commercial compounds are available to help 
seal these threads. When brushed on pipe threads be- 
fore assembly, the compound will make a strong, leak- 
proof joint. 
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2.9 Hand Tools 

The refrigeration and air conditioning service tech- 
nician performs work chiefly with hand tools. To be suc- 
cessful, the technician must pick good tools, take good 
care of them, and be skilled in their use. Most service 
failures can be traced to poor hand tool skills. 

The refrigerating mechanism, in comparison to an 
automobile engine, is relatively light. It can easily be 
damaged by abuse. Great care is necessary to avoid dam- 
aging the units. Figure 2-44 shows an assortment of 
basic hand tools needed by the service technician. The 
following paragraphs provide useful suggestions for the 
selection, care, and use of hand tools. 

2.9.1 Wrenches 

Most refrigeration and air conditioning installation 
and servicing requires the use of various types of 
wrenches. Many fasteners and parts are copper or brass, 
and therefore, are rather soft. Never use pliers on parts 
designed to be handled with wrenches. 

A service technician needs several types and sizes 
of wrenches. Wrenches should be made of good alloy 
steel, and should be properly heat treated. They should 
be accurately machined and ground to fit the nut or bolt 
head. The wrench must fit the nut or bolt head accu- 
rately and it must fit as much of the hexagon as pos- 
sible. For these reasons, the wrench types are listed in 
the order preferred. 

1. Socket wrenches. 

2. Box wrenches. 

3. Open end wrenches. 

4. Adjustable wrenches. 

Use wrenches properly so that they fit completely 
on the nut or bolt. Sockets should be inserted all the way 
on the nut or bolt head. A loose or worn wrench may 
slip and spoil the corners on nuts. Proper servicing then 
becomes impossible without replacing the part. 
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Always pull on a wrench rather than push on it. Oth- 
erwise, sudden loosening of the nut or bolt may cause a 
serious hand injury. Figure 2-52 shows the proper direc- 
tion to pull on an adjustable wrench. 

Avoid pounding on a wrench to obtain greater turn- 
ing force or torque. Avoid using a length of pipe or an- 
other wrench for more turning force or torque. 

A tight bolt or nut may be loosened safely by soak- 
ing the threads with a penetrating oil. Heating the nut 
or bolt may also help. Some service technicians tap a nut 
or bolt lightly with a hammer. Any of these methods can 
be used to loosen corroded threads. 

Socket Wrenches 

If the nut or bolt head has enough room around it, 
the six- or twelve-point socket is the best wrench to use. 
These sockets are usually made of chromium-vanadium 
steel. They are turned by handles that have a 1/4", 3/8", 
or 1/2" square drive. The handles come in a variety of 
designs, as shown in Figure 2-45. 

A variation of the socket wrench is the nut driver, 
A nut driver is a small direct-drive socket wrench. It has 
a plastic handle that can be used with assorted drive 
sockets. 

Sockets are now available which will hold the nut 
or cap screw securely. This is designed to prevent the 
nut or screw from falling out during alignment and ini- 
tial threading. This feature is very useful, since a 
dropped nut or screw can cause problems. 

Box end and socket wrenches are more usable if 
they are double broached (12-point). Figure 2-46 illus- 
trates both the 6-point and the 12-point box end wrench. 



Nut 




Wrench Handle 



i 



Turn to 
Tighten 



Contact Points (6) 
Nut 




Wrench Handle 



^ 



Contact Points (6) 



Figure 2-46. Box end socket wrenches as they appear 
fitting over hex nuts. Upper wrench is a 6-point box end. 
Lower is a 12-point box end. 

The 12-point wrench is easier to use if the handle must 
be operated in a small or restricted space. The 6-point 
socket is best for w r orn hex nuts or bolts. 

Metric-size nuts and bolts require metric-size 
wrenches. Figure 2-47 shows a set of metric 6-point sock- 
ets commonly used when working with metric-size nuts 
and bolts. The size marked on the socket corresponds to 
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Figure 2-45. Typical socket wrenches and handles. 
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Figure 2-47. A set of metric-size sockets. Note that the 
size marked on each socket corresponds to the diameter 
in millimeters (mm) of the bolt or capscrew. Black rings 
indicate metric sockets. (Snap-on Tools Corp.) 



larger than the bolt size. For example, on a 5/8" bolt, a 
7/8" wrench size is needed (5/8 + 1/4 = 7/8). 

The size of the wrench opening (across the fiats) is 
marked on the wrench. Box wrenches having both flat 
and 15° handles are necessary for a complete tool kit. 
Flare Nut Wrenches 

^ A flare nut wrench used with SAE fittings is shown 
in Figure 2-50. Its opening allows the wrench to slip over 
the tubing to reach the flare nut. A box wrench cannot 
do this. An open end wrench could be used, but the flare 
nut wrench grips the nut better. 



the diameter of the cap screw or bolt. It is not the dis- 
tance across the flats as it is with fractional-inch 
wrenches. 

Box Wrenches 

Often, a box wrench can be used in a tight space 
where a socket wrench cannot go. Box wrenches are usu- 
ally 12-point and provide a powerful nondamaging grip 
on the nut or bolt, Figure 2-48, 

Box wrenches may be either straight, offset, or 
double offset. Most box wrenches are double-ended. 
Both ends may be of the same size with one end offset, 
or they may be of the same pattern and different sizes. 

The table in Figure 2-49 shows what size wrench 
will fit the most common bolts and nuts. Below 1/2" bolt 
size, the wrench size is 3/16" larger than the bolt size. A 
1/4" bolt uses a 7/16" wrench size (4/16 + 3/16 = 7/16). 

At 1 /2" bolt size and larger, the wrench size is 1/4" 



Opening for 
Tubing 




Figure 2-48. An alloy steel box wrench with 12-point 
or double hex ends. Ends are offset (double offset) to 
provide gripping or swinging clearance above 
mechanism. Socket wrenches are safest; box wrenches 
are next safest. Box wrenches are less likely to slip than 
open end wrenches. (Duro/lndestro, Duro Metal 
Products Co.) 
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7/16 
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Figure 2-49. Table of wrench openings for standard 
bolt heads and nuts. 
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Figure 2-50. Flare nut wrench used when turning SAE 
flare nuts. (Duro/lndestro, Duro Metal Products Co.) 

Other types of flare nut wrenches have been de- 
vised. Figure 2-51 shows a strong, easy-to-operate, 
opening-type flare nut wrench. 

Forged flare nut sizes are an SAE standard used in 
automotive, marine, and refrigeration service. See Chap- 
ter 31 for a table of flare nut wrench sizes. 
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Figure 2-51. Special type of flare nut wrench opens to 
pass over tubing and closes on flare nut to give positive 
contact. (Imperial Eastman, Imperial Division) 

Open End Wrenches 

Open end wrenches can slide on the nut or bolt 
head from the side. They are used in close spaces on 
unions and other places where the socket wrench and 
box wrench cannot be used. 

An open end wrench should not be used for refrig- 
eration work if its jaws are spread or have burrs. Open 
end wrenches used in servicing work should have a 
thick jaw. Thin wrench jaws have a tendency to bite into 
soft brass and copper parts. 

Popular sizes for open end wrenches are: 

• The 7/16" across flats, often needed for 1 /4" screws 
and bolts, 

• The 1/2" across flats for 5/16" NC and NF cap 
screws, commonly used on compressors and expan- 
sion valves. 

• The 5/8" across flats for 1/4" flare nuts. 

• The 15/16" across flats for the 1/2" flare nuts. 
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• The 1" across flats which fit the 1/2" flare nuts. A 
typical open end wrench, No. 4, is shown in the as- 
sortment making up Figure 2-44. 

Another popular wrench used in refrigeration work 
is the combination open end and box socket. Both ends 
are the same size. This wrench is illustrated in Figure 
2-44, No. 5. 

Adjustable Wrenches 

Often, odd-size nuts and bolts are found in refrig- 
eration work. Therefore, wrenches with adjustable 
jaws, Figure 2-52, are necessary in the tool kit. Adjust- 
able wrenches must be kept in good repair. If the 
wrench does not fit tightly, it may slip and result in a 
ruined wrench, bruised hand, and a ruined nut or bolt 
head. 

The forces on the jaws of the wrench should be in 
the right direction, Figure 2-52. This will give solid sup- 
port against both the nut and the body of the wrench. 



A chain wrench, Figure 2-54, is another type of ad- 
justable pipe wrench. The chain wrench can be used on 
square, round, or irregular shapes, and also used in con- 
fined areas. 







Figure 2-54. A light-duty chain wrench for use in close 
quarters. (Reed Manufacturing Co.) 




Figure 2-52. A popular type of adjustable wrench. 
Handle should be pulled as shown by direction of arrow 
on handle. Note that wrench is adjusted to fit nut tightly. 
The red arrows show the pressure of the wrench against 
the corners of the nut. Turning wrench in the direction 
shown tends to press movable jaw against wrench body 
thus tightening the grip. (Reed Manufacturing Co.) 

Pipe Wrenches 

The pipe wrench is designed to grip pipes, studs, 
and other cylindrical (round) surfaces. The greater the 
torque on the wrench handle, the tighter the wrench will 
grip the object. Pipe wrenches should not be used on 
nuts or bolt heads. The typical pipe wrench is pictured 
in Figure 2-44, No. 41. 

An internal-type pipe wrench, Figure 2-53, may be 
used for installing pipe, nipples, or fittings. 




Hex Key Wrenches 

Hex key wrenches are constructed of alloy steel 
with a hexagonal (six-point) tip. A common type of hex 
key is the fold-up tool with many key sizes in one 
handle, Figure 2-55A. Individual L-keys and T-handle 
hex keys, Figure 2-55B, are frequently used for long- 
reach operations, such as set screws on pulleys. 

Another type of wrench similar to the hex wrench 
is the Torx®, which is star-like in appearance, Figure 
2-55C. This allows better metal-to-metal contact. It is less 
likely to damage the socket or itself. 



A — Hex Key 



Figure 2-53. Internal-type pipe wrench. It grips the pipe 
from the inside. (Snap-on Tools Corp.) 




Torx Key 

Wrench Set 



Figure 2-55. Key wrenches. (Eklind Tool Co.) 
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Service Valve Wrenches 

Service valve steins usually have a square end 
milled on the valve shaft. A special service valve wrench 
is needed to turn them, Figure 2-56. This tool usually 
has a ratchet and a fixed end. 

When "cracking" valves, the fixed end only should 
be used. Cracking is the slight opening required to cause 
the valve needle or plunger to leave its seat, but allow 
only a very slow flow of refrigerant. 

The fixed end of the wrench provides good control 
of the slight opening and closing of a valve. For rapid 
opening and closing of valves, the ratchet end may be 
used. 

Some service valve wrenches have a reversible 
ratchet. The operator can reverse the direction of turn 
ing without removing this wrench from the stem. A re- 
versible ratchet wrench is shown in Figure 2-57. This 
wrench is often used to open or close a compressor ac- 
cess valve. It may also be used to tighten or loosen a 
nut or bolt by changing the reversible ratchet. 



Six-point Socket 




Figure 2-56. Refrigeration service valve wrench. Fixed 
end is for "cracking" valves. Ratchet end is for rapid 
valve stem operation. Left end has 1/4" square drive for 
use with valve stem and packing gland nut sockets. 
Other openings are 3/16", 1/4", and 5/16" square. The 
6-point socket fits 3/8" nuts. (Duro/indestro, Duro Metal 
Products Co.) 




Figure 2-57. Reversible ratchet wrench. Square 
openings with 1/4" and 3/16" at one end, and 3/8" and 
5/16" at the other end. (Uniweld Products, inc.) 



Service Valve Wrench Adaptors 

Many manufacturers use valve stems other than the 
1/4" square. Some valve stems are made so that the 
milled end is inside the valve body. This requires a good 
socket wrench to turn it. 

To accommodate these valves, adaptors are avail- 
able in various sizes. The male or drive part of the socket 
is usually 1 /4" square. There are a few which use a larger 
drive (9/32"). The socket which fits the valve stem comes 



in five sizes: 3/16", 7/32", 1/4", 5/16", and 3/8". These 
sockets usually have eight points to simplify their use. 

Most valve stems have internal packing gland nuts. 
Special sockets must be used on these valves. It is best 
to use sockets with ball bearing grippers. There is less 
chance of losing tools when working in difficult posi- 
tions. Figure 2-58 illustrates a set of these special tools. 
Also included are sockets for packing gland fittings. 
Torque Wrenches 

All materials are elastic (will stretch, compress, and 
twist). Even cast iron and hardened steels used in the 
construction of compressors are elastic up to a point. 
When tightening bolts, nuts, and other attachments on 
compressor parts and assemblies, it is important to 
measure the amount of tightness. Otherwise, warpage 
or other part damage may occur. To measure the amount 
of tightness, a torque wrench is used, Figure 2-59. 

Torque wrenches are usually wrench handles only 
They are made to be used with sockets of different sizes. 
The handle is equipped with a dial or pointer, which 
measures the foot-pounds or inch-pounds of torque. 

The torque is found by multiplying the length of the 
handle (in feet) by the pull (in pounds) applied to the 
handle (foot-pounds). A 1 ' long wrench handle pulled 
by a spring scale reading 50 pounds will produce a 




Figure 2-58. Special service valve socket set. 
A — Packing gland sockets and valve stem sockets. 
B — Variety of 6-point and 1 2-point sockets. C — Handles 
and extenders. D — Ratchet wrench. E — Adaptors. 
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Figure 2-59. Torque wrench used to measure the 
amount of tightness of nuts and screws. This wrench is 
made to be used with standard sockets. (Reed 

Manufacturing Co.) 
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torque of 50 foot-pounds. (Technically, foot-pounds is 
the wrong term. The correct term should be pounds- feet. 
The foot-pound is a unit of work. However, popular us- 
age has made the term foot-pound acceptable for the 
measurement of torque.) 

To calculate inch-pounds, multiply the length of 
the handle (in inches) by the pull on the handle (in 
pounds). 

The manufacturers of equipment (automobiles, air- 
planes, refrigerating equipment, etc.) are able to deter- 
mine the proper torque that should be applied to the 
fasteners on their various mechanisms. The recom- 
mended torque for the many parts of refrigerating 
mechanisms are specified in manufacturers' service 
manuals. 

To use a torque wrench, the operator fits the proper 
size of socket onto the wrench. The socket is then ap- 
plied to the nut, and the handle of the wrench is pulled 
until the indicator shows that the required torque has 
been applied. At that torque, the nut is at the tightness 
recommended by the manufacturer. 

2.9.2 Hammers 

A hammer is a necessity in the refrigeration shop. 
The 12- or 16-ounce ball peen hammer is a useful tool. 
See Figure 2-44, No. 47. A carpenter's claw hammer may 
also be needed for mounting pipe supports and fasten- 
ing sheet metal to wood. It is important that the ham- 
mer head be firmly fastened to the handle. The handle 
must also be in good condition. 

Grasp the handle about two-thirds of the way back 
from the head. For light, accurate blows, hold the 
hammer with the index finger on the top of the handle 
and use wrist action. For heavy blows, hold the ham- 
mer with fingers around the handle and use elbow 
muscles. 

2.9.3 Mallets 

In service work, a mallet is often needed to drive 
parts into place or to separate them without injury to 
their surfaces. For such work, a 1 1/2-lb. to 2-lb. mallet 
is desirable, made of rawhide, rubber, wood, plastic, or 
lead. A mallet is shown in Figure 2-44, No. 48. 



2.9.4 Pliers 

Pliers are universal tools. Pliers are made of alloy 
steel, usually with manganese, although some are 
chrome- vanadium steel. Top-quality pliers are usually 
drop forged. Many different types are available. Use 
only pliers with insulated handles when working on 
electrical parts. 

• Gas pliers are slip joint combination pliers, which 
are handy for general use. However, they should 
not be used on nuts, bolts, or fittings. They could 
slip and injure the surface. See Figure 2-44, No. 20. 

• Cu bring pliers are mostly used when working on re- 
frigerator wiring. One type, called the lineman's pli- 
ers, is a powerful cutting and gripping tool. Another 
type, called the diagonal pliers, is used to cut in 
close quarters. Refer to Figure 2-44, No. 9. 

• Nut pliers are used to good advantage on some 
jobs. The jaws always stay parallel. Some have an 
adjustable cam action that locks the jaws on the 
nut or bolt. In general, it is not good practice to 
use nut pliers on bolts or nuts. However, on a 
job such as holding a bolt head while turning the 
nut with a wrench, the use of nut pliers is permis- 
sible. 

• Slim-nose pliers, needle-nose pliers, and duckbill 
pliers are frequently used in hard-to-reach places. 
See Figure 2-44, No. 10. 

■ Round -nose pliers are used to shape wire into loops 
and to bend sheet metal edges. 

2.9.5 Screwdrivers 

A complete set of screwdrivers is very necessary 
both for installation and for shop work. The length of a 
screwdriver is measured from the blade tip to the 
handle. Handles are not measured. The recommended 
average sizes are 2 1/2", 4", 6", and 8". 

The types of screwdrivers are named for the 
shape of the end of the blade or bit. See Figure 2-60. 
Most popular is the straight blade, slot blade, or 
regular screwdriver. The screwdriver bit should fit 
the screw slot snugly. The blade should be wide 
enough to fill the screw slot end-to-end. Also see 
Figure 2-44, No. 13. 
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Standard Types of Screwdriver Bits 
and Screw Openings 
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Figure 2-60. 5evera/ types of screwdrivers. Flat-bladed Keystone and Cabinet bits and the Phillips bit are most 

popular. (Klein Tools, Inc.) 
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The Phillips screwdriver has a tip which fits a re- 
cessed cross in the head of the screw. Phillips screwdriv- 
ers are available in the 3" size for No, 4 and smaller 
screws; the 4" size for No. 5 to No, 9 screws; the 5" size 
for No. 10 to No, 16 screws; and the 8" size for No. 18 
screws and larger. 

Stubby (short) screwdrivers are available for work- 
ing in small spaces. Some screwdrivers may be equipped 
with a clip that holds screws while starting them. Better 
quality screwdrivers have strong handles firmly bonded 
to the blade. Plastic handles are popular. 

An offset screwdriver is necessary in refrigeration 
work. There are many places where it alone can be used. 

Never use a hammer to pound on a screwdriver. If 
a screwdriver is needed for heavy service, use one with 
a solid steel handle. 

2.9.6 Vises 

Sturdy machinist's vises are necessary in the shop. 
They are particularly convenient for holding parts while 
drilling, filing, or assembling. 

One vise should be large enough to hold most com- 
pressor bodies. A special pipe vise, which has a hack- 
saw blade slot, is useful for a large service shop. This 
blade slot allows accurate cutting of piping and tubing. 

Always use soft jaws made of sheet copper or alu- 
minum when clamping a part which must not be 
marred. These are available as inserts which fit over 
regular vise jaws. 

2.9.7 Twist Drills 

Twist drills are frequently used for installation and 
repair work. Drill designs are available for working 
metal, wood, plastic, and masonry. Twist drills may be 
turned by drill presses, portable electric drills, or hand 
braces. 

Most commonly, twist drills have straight shanks. 
This means that the section gripped by a three-jaw chuck 
is straight and perfectly cylindrical in shape. See Figure 
2-61. Split-joint twist drills are often used with portable 
electric drills because they penetrate many metals eas- 
ily. 

The shank of a twist drill carries a stamped identi- 
fication giving the kind and size of the drill. Twist drills 
may be made from high carbon steel, or from alloy steel 
(HSS) for high-speed use. 

Drills are sized by bit diameter. Those intended for 
working metal come in three different set sizes. Identi- 
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ficadon systems for sizes include fractional numbers, 
whole numbers, and letters. 

Fractional sizes come in sets usually beginning with 
1/16" and going up to 1/2" in steps of 1 /64". Larger frac- 
tional sizes are also available. 

Numbered sets begin with No. 1 and range through 
No. 80 (.228"-.01 35"). The higher the number, the smaller 
the drill. Most commonly used sizes are No, 1 through 
No. 60. 6 

Letter size twist drills are larger than 1/4" in diam- 
eter and vary from .234" for the "A" size to .413" for the 
"Z" drill. 

Note that the numbered twist drills cover a range 
of sizes— approximately .013" through 1/4", Letter sizes 
range from approximately 1/4" to nearly 1/2". These two 
twist drill sets are often used as tap drills in making 
holes for inside threads. They provide a greater range 
of sizes than the fractional-inch twist drills. For a table 
of various drill diameters, see Chapter 31. 

Speed of drilling depends upon the type of mate- 
rial being drilled and the diameter of the hole. In gen- 
eral, the smaller the twist drill, the faster it should be 
turned. 

Most twist drills have two cutting edges or "lips," 
These edges must be sharp and equal in length. They 
must also have clearance and rake angles. See Figure 2-62. 

Twist drills have flutes which remove chips from 
the hole. Most flutes are spiraled at an angle which au- 
tomatically provides a rake angle for the cutting edges. 

Always be sure the drill is cutting when it is being 
used. If the anting edges are just rubbing against the 
stock, they will quickly heat up. Overheating will de- 
stroy the hardness of the drill. 

To ensure that the drill fonns the correct size hole, 
both cutting lips must be exactly the same length and 
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Figure 2-61. Sfraigbt-shank twist drill for use on metal. 

(Cleveland Twist Drill Co.) 



Figure 2-62. Correctly ground twist drill point for steel. 
Clearance angle shown, 8" -12", is used for mild steel 
and cast iron for drills in 1/2" range. As diameters are 
reduced, clearance angles increase. A 1/1 6" diameter 
twist drill should have a clearance angle of about 20°, 
(Cleveland Twist Drill Co.) 
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angle. See Figure 2-63. If one lip is longer, the hole be- 
ing drilled will be oversize. If one lip has a smaller angle, 
it will do all the cutting and soon grow dull. 

Always wear safety glasses to protect eyes from fly- 
ing chips when using either a drill press or portable drill. 

Electric drills should be grounded for safety. The 
metal frame of the drill should be electrically connected 
to a good ground (water pipe or a ground rod). Most elec- 
tric drills are equipped with a three-prong grounded plug. 
If the circuit to which the drill is connected is not pro- 
vided with a three-prong grounded socket, a grounded 
adaptor should be used. Some hand drills have the elec- 
tric motor insulated from the case, and do not need 
grounding. Grounding is covered further in Chapter 6. 




Figure 2-63. An illustration of what happens when a 
drill is incorrectly sharpened. 1—Lips are equal in 
lengths but at different angles. 2— Lips are at equal 

angles but are of different lengths. 3 — Lips are at 
different angles and at different lengths. 

2.9.8 Taps 

Many assemblies of metal parts are fastened with 
machine screws or tap screws threaded into tapped 
holes. A tap is used for making threads inside a hole. 
Taps are accurately made from hard alloy steel. Clear- 
ance pockets are provided for chips. The threads are 
made with a very small clearance angle. 

There are taps for every size or diameter thread and 
also for each kind of thread — National Fine (NF), Na- 
tional Coarse (NC), American Standard Taper Pipe 
Thread (ASA), or metric. Taps are of three types — taper, 
plug, and bottoming. Most common is the plug tap. See 
Figure 2-64. 

Taper taps are used for starting a cut. They are also 
used for tapping thin pieces in which the tapped hole 
goes all the way through. Plug taps are used to do most 
of the cutting in blind holes (holes not going all of the 






Taper Tap 




Plug Tap 



Bottoming Tap W^KISSSSS^ 
Figure 2-64. Set of taps for cutting 1/2" NC threads. 




way through the piece). Bottoming taps are used to cut 
full threads to the bottom of a blind hole. 

The shank of the tap is ground to a square at the 
end, A tap wrench is used to turn it. Power tools may 
also be used for driving. However, a special tap-driving 
accessory must also be used. 

Since tapping is basically a cutting operation, the 
general rules for cutting metals apply. Most taps have 
four cutting edges for each thread. These edges must be 
kept sharp. They must have a ground cutting face and 
cutting clearance. 

Always use a special thread-cutting lubricant when 
doing any kind of threading. The single exception is gray 
cast iron. It contains enough graphite to provide neces- 
sary lubrication. Thread- cutting lubricant, if applied 
generously, also serves as a coolant. 

Tap-Drill Sizes 

It is very important that the hole to be tapped is 
first drilled to the correct size. If the hole is oversize, 
threads will not be full size. If the hole is undersize, the 
tap must remove too much metal and will probably 
break. See Figure 2-65. 

The tap drill should be slightly larger than the root 
diameter of the threads for which the hole is being 
drilled. Threads which are 75% of full size are generally 
considered satisfactory. Always refer to tap-drill size 
tables for the correct size drill. For most refrigeration and 




Figure 2-65. Hole size is important when tapping 
threads in metal. A— Tap drill correct size, correct thread 
depth. B—Tap drill too large, threads not full depth. 
C—Tap drill too small, tap likely to break. 
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air conditioning work, the tap-driU table, Figure 2-66, 
will be satisf acton'. 



. be satisfactory, 



2.9.9 Dies 

Dies cut external threads on round stock. The 
threads match those cut by the tap. Since a tap is non- 
adjustable, dies can usually be adjusted to permit care- 
ful matching of the threads. Taps and dies may also be 
used to clean threads that are corroded or damaged. Dies 
are held and turned by a diestock. A diestock is shown 
in Figure 2-67. 
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Figure 2-66. Tap drill sizes recommended for common 
tapping operations. Note that for certain sizes, the tap 
drill may be a fractional-inch size, a number size, or a 
letter-size drill bit. A — Outside diameter. B — Number of 
threads per inch. 





Figure 2-67. Adjustable diestock has three screws. Two 
of the screws hold the die and apply contracting 
pressure. The third screw expands the die at the split. 
(TRW Greenfield Tap & Die Div.) 



As with taps, there are dies for each type of thread 
and size. Dies must be made of tool steel because they 
are also cutting tools. They, too, must be carefully shaped 
to cut correctly. 

Special precautions should be taken to start thread- 
ing very straight. Guides are available for this purpose. 
The small guide is located inside the threading die. 

Round stock must also be accurately sized. Stock 
only a few thousandths of an inch oversize might break 
the die. 

First adjust the die to full open position to make 
the initial cut. Then adjust the die to cut deeper until 
the threads match the tapped thread. Always advance 
the die (or tap) one-quarter to one-half turn, back off 
by reversing the direction of the diestock, and then 
repeat. 

2.9.10 Cold Chisels and Punches 

A cold chisel is used on various jobs. As an example, 
one may find corroded fasteners on evaporators. A chisel 
is needed to remove the nut or screw. 

A 3/4" flat cold chisel is a popular size. Be sure to 
keep the head (hammering end) of the chisel free from 
"mushrooming." Flying pieces from a mushroomed 
head may cause injuries. Always wear goggles or head 
shield when working with a chisel. See Figure 2-44, No. 
17. 

Punches are available in various lengths and are 
usually made of carefully heat-treated chrome-alloy 
steel. The cutting edge or point is hard, while the head 
is tough and shatterproof. Always grind away any 
mushroom head that forms, A fairly heavy 6" punch will 
be the most satisfactory. Figure 2-68 illustrates the 
shapes of various punches. 

Four common types of punches are the center 
punch, drift punch, pin punch, and prick punch. See Fig- 
ure 2-44, Nos. 7, 8, 18, and 19. 
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Figure 2-68, Punches most used in refrigeration and air 

conditioning work, 

• The center punch has a 60° to 90° point. It is used 
for center punching the location of a hole to be 
drilled, A heavy blow on the punch makes a depres- 
sion in which the drill may be started. Center 
punches may also be used to make alignment marks 
on refrigeration parts before dismantling. 

• A drift punch is used to drive out keys and to line 
up holes in mating surfaces. The punch tapers from 
its flat point to the stock diameter. 

• The pin punch is used for driving retainer pins in 
or out. The blunt end is called the bill. Pin punches 
are measured in overall length, by diameter of the 
stock, and bv diameter of the bill. Bill diameters are 
available from 3/32" to 5/16". 

• The prick punch has a long, sharp point and is used 
only for layout work. Be careful not to damage this 
sharp point. 

2.9.11 Files 

Various sizes and types of files are needed for clean- 
ing metal surfaces and shaping metal parts. They are 
classified according to tooth size, shape, and the num- 
ber of directions the teeth are cut on the file. 

Files are either single or double cut, Figure 2-69. The 



single cut is used for finishing surfaces and double cut 
for fast metal removal. 

Files come in different lengths: 4", 6", 8", 10", 12", and 
so on. The size of the teeth varies from dead smooth, 
smooth, second cut, bastard, to coarse. The longer the 
file of a given type, the coarser the teeth. Thus, a second 
cut 12" file has coarser teeth than a second cut 6" file. 

Many file shapes are available. They include rect- 
angular, half round, round, triangular, square, wedge 
shape, and so on. See Figure 2-44, Nos. 35 and 36. 

One oddity in file shapes is that there are three 
types of rectangular cross-section files — mill, hand, and 
flat. The mill file has only single-cut teeth, it is uniform 
in thickness but tapers slightly in width. The hand and 
flat files have double-cut teeth. The edges are parallel but 
the thickness varies slightly. The hand file has one edge 
that has no teeth, called a safe edge. The flat file has teeth 
on all four surfaces. 

Use file brushes and file cards to clean file teeth 
which quickly become filled with metal. If clogging ma- 
terial is not removed, the files become useless. Do not 
use a file card for any other purpose than file cleaning. 
The bristles may become clogged with dirt. 

2.9.12 Hacksaws 

Hacksaws are used for cutting tubing and for other 
work requiring metal cutting. Figure 2-70 illustrates a 
popular saw with a rigid frame and a 12" blade. Blades 
are available with different numbers of teeth per inch. 
Blades with 14 teeth per inch are used for soft metal and 
wide cuts; 18 teeth per inch for medium soft metals; 24 
teeth per inch for general work; and 32 teeth per inch 
for thin metal, tubing, or hard metal. A thinner and /or 
harder metal will require a blade with more teeth per 
inch, 

A hacksaw blade should not be stroked faster than 
60 strokes per minute. Most blades are made of high car- 
bon steel, and their cutting edges (points) are very sharp 
and very small. Too rapid use will cause these points to 
overheat and lose their temper. 

Lifting the blade slightly on the back stroke will 
help keep the cutting edges sharp. If the blade is not 
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Figure 2-69. Hand files may be either single-cut (upper) or double-cut (lower). Files should always have handles to 
avoid hand injuries. (Cooper Tools, Nicholson) 
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Figure 2-70. Hacksaw with a rigid frame to hold the 
blade in proper tension. (American Saw and Mfg. 
Company) 




Figure 2-71. Bimetal hacksaw blade. The type of blade, 
its length, and number of teeth per inch are indicated on 
the blade. (American Saw and Mfg. Co.) 

lifted, chips may roll between the work and the cutting 
edge of the blade, dulling the teeth. 

Most hacksaw blades have teeth that are hardened 
while the back of the blade is soft and flexible. Figure 
2-71 illustrates a bimetal blade with a shatter resistant 
spring steel backing. Such a design allows for faster, 
smoother cutting. This blade is both shock and heat re- 
sistant and is virtually unbreakable. 

Special hacksaw frames are available for working 
in small holes. There is also a stub hacksaw blade and 
an adaptor drive to fit electric drills. 
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or condensing unit. An ice and water bath may be used 
to determine a thermometer's accuracy. When in this so- 
lution, the thermometer should check within 1°F of 32T 
{within 1°C of 0°C). 

Many sizes and types of thermometers have been 
developed for the technician's use. Glass-stem thermom- 
eters usually read from -30 Q F to 120T (-35°C to 49°C) 
in two degree increments. The tube may contain either 
mercury or a red hquid. The mercury-filled thermom- 
eter is faster but more difficult to read. Some thermom- 
eters have a special magnifying front built into the glass. 
This enlarges the liquid line for easier reading. 

There are numerous other thermometers that are 
popular and easy to use. The dial-stem thermometer 
shown in Figure 2-72 may be operated either by a bi- 
metal strip or by a bellows charged with a volatile (va- 
porizes readily) fluid. Its temperature range varies, but 
it is usually from -40°F to 160°F (-40°C to 70°C) in two 
degree increments. Never expose any type of thermom- 
eter to temperatures beyond the limits of the scale. 
Doing so may ruin the instrument. 

Although analog thermometers are still used, the 
digital thermometer has a greater temperature range and 
accuracy. A battery-powered digital thermometer is 
shown in Figure 2-73. The temperature range for this in- 
strument is from -58°F to SOOT (-50°C to 260°C). 

Another type of digital thermometer used for heat- 
ing and air conditioning service is shown in Figure 2-74. 
This type of thermometer includes a digital psychrom- 
eter to measure relative humidity. 

The thermocouple and the thermistor are two types 
of electrical thermometers. The fundamentals of these 
are described in Chapter 6. Additional information re- 
garding thermometers and their applications may be 
found in Chapter 19. 

Figure 2-75 illustrates a hand-held digital thermom- 
eter used for troubleshooting systems where the knowl- 
edge of the specific temperature of the evaporator or 
condenser is necessary. 



2.10 Instruments and Gauges 

The technician uses instruments and gauges to de- 
termine conditions (pressure and temperature) inside 
the operating mechanism. The most common instru- 
ments are thermometers, pressure gauges, and vacuum 
gauges. Later chapters will cover special instruments 
such as recording thermometers, hygrometers, amme- 
ters, voltmeters, ohmmeters, and others. 

Instruments must be carefully handled and kept in 
good condition if they are to remain accurate. If accu- 
racy is doubtful, the instrument should be sent to a re- 
pah company for testing and calibration. 

2.10.1 Thermometers 

The thermometer displays the temperature of the 
evaporator, refrigerator cabinet, liquid line, suction line, 



Thermometer 

Stem 




Thermometer 
Dial 



Figure 2-72. Dial stem thermometer is calibrated in 
2-degree increments from -4CPF to 16CTF (-4CfC to 
7(TC). This is the temperature range most used by 
technicians in refrigeration and air conditioning work. 

(Sealed Unit Parts Co., inc.) 
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Figure 2-73. A battery-powered digital thermometer 
with a range of-58°F to 500" F (-5(TC to 26CTC). 
(Taylor Precision Products) 




Figure 2-75. A hand-held thermometer indicating the 
condensing temperature. (Reproduced with permission of 
Fluke Corporation) 




Figure 2-74. Temperatures ranging from -4°F to 
~I22°F (-20"C to 50° C) can be measured with this type 
of electronic thermometer psych rometer. Humidity may 
be measured from 10% to 90%. The memory feature 
allows the technician to store temperatures and humidity 
levels for future reference. (Mannix Testing and 
Measurement) 



Figure 2-76 shows a maximum and minimum ther- 
mometer. This type is useful when attached to a system 
which is unattended for a few cycles. 

Occasionally, fluid in the liquid column of the glass- 
stem thermometer may separate. To make the column 
whole again, try cooling the bulb by spraying a small 




Figure 2-76. Maximum and minimum thermometer. A — 
Hand indicating highest temperature reached. B—Hand 
indicating present temperature. C—Hand registering low- 
est temperature reached. (Weksler Instruments Corp.) 



quantity of liquid refrigerant on it. The column will 
shrink into the bulb; and, when it re-expands, the break 
should have disappeared. 

Caution: If the mercury is frozen into a solid, the 
thermometer will break. 

Another way to reconnect the column is to heat the 
thermometer as in Figure 2-77. Heat the thermometer 
very, very slowly. Do not allow fluid to reach top end of 
stem. If overheated, thermometer will burst. Wear 
goggles. 

2.10.2 Pressure Gauges 

Pressure gauges are used by the technician to help 
determine what is happening inside the system. Gauges 
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Figure 2-77. Using beat to connect a break in the 
liquid column of a glass-stem thermometer. Be careful 
Wear goggles. Avoid putting match below bulb. Keep 
flame moving to avoid hot spots. (White-Rodgers 
Division, Emerson Electric Co.) 



use a Bourdon tube as the operating element. The Bour- 
don tube is a flattened metal tube (usually copper alloy) 
sealed at one end, curved and soldered to the gauge fit- 
ting at the other end. Figure 2-78 shows the typical con- 
struction of a pressure gauge. 

A pressure rise in a Bourdon tube makes it 
straighten. This movement will pull on the link, which 
will turn the gear sector counterclockwise. The pointer 
shaft will then turn clockwise to move the needle. 

Some gauges have a retarder to permit accurate 
readings in the usual operating range. The retarder 
uses an extra spring at pressures above normal. These 
gauges are easily recognized by the change in gradua- 



Calibrating Spring 



Bourdon Tube 




Case 



Pointer 
Shaft Gear 



Cross Section of 

Bourdon Tube 



Adaptor Fitting 



Restrictor 



Figure 2-78. Internal construction of pressure gauge. 
Red outline at top indicates how pressure in Bourdon 
lube causes it to straighten and operate gauge. 



tions at the higher readings of the positive pressure 
scalo. 

Most popular gauges have a 2 1 /2" dial and are con- 
nected into the refrigerating system with a 1/8" male 
pipe thread. Some gauges, however, have a 1/8" female 
pipe thread. Continual installation and removal quickly 
wears the threads. It is advisable to use a 1/8" pipe 
nipple on any heavily used gauge. 

Three types of pressure gauges are used in refrig- 
eration service work; high-pressure, vacuum, and com- 
pound gauge. 

Maximum pressure at which a gauge should be con- 
tinuously used should be no greater than 75% of the full- 
scale range. 

Gauge Manifolds 

A gauge manifold includes both a high-side gauge 
and a low-side (vacuum) gauge. It allows the service 
technician to check operating pressures, add or recover 
refrigerant, add oil, and perform other necessary opera- 
tions. 

The gauge manifold illustrated in Figure 2-79 is 
color coded. Manufacturers often color code the exterior 
of the gauge — low-side blue and high-side red. Low-side 
hoses are color coded blue, and the high-side hoses are 
red. 




Figure 2-79. A testing manifold for R-134a. The 
compound (suction) gauge (shown in blue) is mounted 
on the left. Its hose leads to the equipment suction 
service valve. The high-pressure (discharge) gauge 
(shown in red) is mounted on the right. Its hose leads to 
the discharge service valve or liquid line. 
(TIF Instruments, inc.) 
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High-Pressure Gauges 

The high-pressure gauge has a single continuous 
scale, usually marked off to read from to 500 psi. The 
scale usually has either 2-lb. or 5-lb. increments and 
usually is connected into the high-pressure side of the 
refrigerating mechanism. Figure 2-80A shows a mani- 
fold gauge set that can be used with all types of refrig- 
erants, including substitutes and blends. The gauges 
show pressure only. The technician looks at the pressure- 
temperature chart on the back of the gauge manifold to 
read the corresponding temperature for the specific re- 
frigerant. 

Figure 2-80B shows a manifold with two battery- 
operated gauges and a liquid crystal display (LCD). The 
low-side gauge indicates either a vacuum or pressure 
reading from to 29.9 inches of mercury or to 99.9 psi 




B 

Figure 2-80. High-pressure gauges. A— Manifold gauge 
set used for all existing refrigerants and for new 
substitutes and blends. (Robinair, SPX Corporation) 
B— Two-way digital manifold gauge set with LCD. 
(TIF Instruments, Inc.) 



pressure. The high-side gauge reads up through a maxi- 
mum of 999 psi. 

Vacuum Gauges 

The vacuum gauge measures lower-than- 
atmosphere pressure. It will have one of four calibra- 
tions — inches of mercury (in. Hg), pounds per square 
inch absolute (psia), millimeters of mercury (mm Hg), 
or torrs or microns for very high vacuum. The micron is 
explained in Chapter 12. 

A mercury barometer, Figure 1-13, measures 
vacuum in the normal ranges of refrigeration work. For 
measurement of very high vacuums, a special instru- 
ment, called the McLeod gauge, Figure 2-81, is usually- 
used. Such instruments are calibrated in millimeters of 
mercury (torr). See Section 1.11.1 for the definition of a 
torr. The vacuum calibration on the compound gauge 
(in. of Hg) is most used in refrigeration work for mea- 
suring pressures below atmospheric. 

For very high vacuums, the thermocouple gauge 
(shown in Chapter 12) should be used. It is accurate be- 
tween 1 and 1000 microns. A mercury manometer is ac- 
curate for 1000 microns and above. 




0-150 mm 
Hg Scale 



0-2 mm 
Hg Scale 





•***wK 



Figure 2-81 . A very high vacuum gauge using the 
Mcleod principle, it can measure from 150 torr (150 

mm) to 1 millitorr. 
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Compound Gauges 

The compound gauge, Figure 2-82, measures both 
pressure and vacuum. It is usually calibrated from to 
30" Hg and from psi to 240 psi. 

Some compound gauges have scales calibrated 
according to the evaporating temperature of various 
common refrigerants. With these extra scales, it is un- 
necessary to refer to pressure-temperature tables and 
curves in order to check for correct pressure-temperature 
relationships. 

A 30" Hg, psi-240 psi gauge should be used 
when connecting to a refrigerating mechanism in 
which the high pressure may back up through the 
compressor or balance through the refrigerant control 
while the compressor is stopped. Never use compound 
gauges continuously on the high pressure side of the 
system. 




Figure 2-82. Compound gauge with scale of psi to 
240 psi. Note the scale is shortened between 1 00 psi 
and 240 psi. This is accomplished by use of retarder 
spring. A — 1/8" npt connection. B — Calibration 

adjustment. (TIF Instruments, Inc.) 



2.10.3 Care and Calibration of Gauges 

Rapidly changing fluctuating pressures quickly de- 
stroy gauge accuracy. A sudden release of high pressure 
(300 psi) into a gauge also may damage it. Sometimes 
it is necessary to connect a gauge into a rapidly 
fluctuating pressure condition. If so, it should be at- 
tached through a connector having a very tiny bore. 
This will help to dampen (choke) the pressure fluctua- 
tions entering the gauge. Some gauges are filled with 



liquid, which tends to prevent rapid fluctuations in the 
instrument. 

Gauges that are used in refrigeration work must be 
accurate. When it is time for a periodic recalibration of 
gauges, instruments are available to do this accurately. 
Any shop that uses a large number of gauges or is 
remotely situated should have one. Such" instruments 
usually use "dead weights" for calibrations above atmo- 
spheric pressure, and a mercury column for pressures 
below atmospheric or vacuum. Gauges should be 
checked over their full operating range or scale. 

When checking gauge accuracy, remember that cali- 
brating equipment is made to show a "0" reading at sea 
level. A gauge calibrated on equipment so adjusted will 
not be accurate at either above or below sea level. 

Figure 2-83 shows change in atmospheric pressure 
with altitude. Any gauge on which a "0" reading means 
atmospheric pressure must be adjusted for elevation of 
use. This includes pressure, vacuum, and compound 
gauges. To make the adjustment, disconnect the gauge 
so that it is open to the air. Then, set the needle at 0. 
The pressure recorded by the gauge will then be accu- 
rate enough for the technician to use. Any gauge that 
shows absolute pressure (psia, etc.) should not be ad- 
justed for elevation. 

A compound gauge is accurate to about 1 psi or 2" 
Hg. A mercury manometer is accurate to 1 mm of mer- 
cury (1000 microns). 

There are many dial scales in use; some common 
ones are shown in Figure 2-84. You must be careful when 
reading a pressure gauge to use the correct scale spac- 
ings and values. 

Figure 2-85 shows a variety of gauge manifolds. To 
speed installation of gauges, a quick coupler system may 
be used. 



Elevation 


Pressure 


Sea Level 
2000 ft. 
4000 ft. 
5000 ft. 


14.7 psi 
13.7 psi 
12.9 psi 
12.2 psi 



Figure 2-83. Atmospheric pressure change with 
altitude. 



2.11 Measuring Tools 

Measuring tools used by technicians include rules, 
tapes, and micrometers. Even though rules and tapes can 
assure accuracy up to 1/32" increments, micrometers can 
provide more accurate readings. 

2.11.1 Rules and Tapes 

A 9" or 12" stainless steel rule is frequently needed 
when overhauling or installing units. The rule should be 
graduated in increments of 1/32". Numerals and 
graduations should be clearly visible. Installation work- 
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Pressure Gauges 







Compound Gauges 

Figure 2-84. Some common pressure gauge dials. Pressure gauges are shown at the top. Compound gauges are shown 
at the bottom. 




Figure 2-83. Various types of gauge manifolds. 

(TIF Instruments, Inc.) 

ers will find a 6' flexible steel tape useful when laying 
out a job. 

2.11.2 Micrometers 

Often, the technician must check sizes and make ac- 
curate measurements to a few thousandths of an inch 
or hundredths of a millimeter. The common micrometer 
is commonly used for this purpose. 

Micrometers are available in both U.S. conventional 
and SI metric units. The U.S. conventional micrometer 



is calibrated in inches and decimals of an inch. The met- 
ric micrometer is calibrated in millimeters and decimals 
of a millimeter. 

English Micrometers 

Figure 2-86 illustrates a 1-inch micrometer caliper. 
When reading it, be careful to observe the micrometer 
calibration range. Note that a 1-inch micrometer, Figure 
2-86, has a range of to 1". A 2-inch micrometer has a 
range of 1" to 2", and so on. If a 3-inch micrometer 
is used, 2" must be added to the micrometer reading. 
This is because when tine gap is set to 2", the reading 
is 0. 

A micrometer is not a heavy-duty tool, so do not 
tighten it like a vise. Simply close the gap on the piece 
being measured until the slightest resistance is felt. Then, 
read the dimension. 

The following points may help the beginner learn 
to read the micrometer: 

1. The divisions on the sleeve are tenths of an inch 

(.1"). 

2. The four divisions between the tenths markers 
are 1/40" or .025 (twenty-five thousandths of an 
inch). 

3. The thimble (right end of the micrometer) carries 
the spindle. It is threaded into the micrometer body 
on a 40 thread -per-inch screw. One turn of the 
thimble moves the spindle twenty- five thousandths 
of a inch (.025"). 

4. There are 25 graduations on the thimble. Turning 
the thimble one graduation moves the spindle .001 
(1/1000) of an inch. 

5. The micrometer, Figure 2-86, reads .200 inch. The 
inserts (portions of a micrometer) read as noted in 
the caption. 
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Figure 2-86. Reading a micrometer caliper. Can you 
teli why the reading in the photograph is .200? Note 
drawings A, B, and C to see how readings are made. 
Answers are in thousandths of an inch. 



Metric Micrometers 

Figure 2-87 shows a metric micrometer. The calibra- 
tion range is to 25 millimeters. Twenty-five millime- 
ters are almost one inch (1 inch = 25.4 mm). 

The following points may help the beginner learn 
to read the metric scale: 



The metric micrometer is calibrated in millimeters 
and decimals of a millimeter. 

There are two calibrations on the sleeve (see Figure 
2-87), The lower calibration (A scale) is in millime- 
ters. The upper calibration (B scale) is one-half (0.5) 
of a millimeter. The lines of B are halfway between 
those of A. 

The thimble (C scale) is calibrated in hundredths of 
a millimeter. There are 50 graduations on the 
thimble. 

The thread pitch on the metric micrometer spindle 
is 2 threads per millimeter. This means that the 
spindle moves a one-half (0.5) millimeter for each 
turn. 

There are 50 divisions on the thimble. Since the 
thimble moves a .5 mm in one turn, one division 
on the thimble (1/50) moves the spindle 1/2 of 1/50 
of a millimeter. This equals 1/100 (0.01) of a milli- 
meter. 

When reading this type of metric micrometer, it is 
not necessary to observe the micrometer calibration 
range. The lower calibration on the sleeve starts 
with a millimeter reading corresponding to the gap 
between the anvil and the spindle. As an example, 
the mm to 25 mm range starts with on the sleeve; 
the 25 mm to 50 mm range starts with 25 on the 
sleeve; and the 50 mm to 75 mm range starts with 
the number 50 on the sleeve. 



I SUPPLIES AND USE 
MODULE 

2.12 Fastening Devices 

Many items are made in one piece today that were 
considered impossible to fabricate a short time ago. 
However, some mechanisms must still be made of 
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Figure 2-87. A 0-25 mm micrometer. The reading as shown in the insert is 4.77 mm. (5-T Industries, Inc.) 
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several pieces and then assembled. If there is motion in 
the mechanism — such as a piston in a cylinder — the ap- 
paratus must be made of two or more pieces. 

Various techniques have been developed to fasten 
pieces together. In metal work, soldering, brazing, 
welding, crimping, rivets, bolts, machine screws, pins, 
spring fasteners, and force fits have been used with 
success. 

The type of assembly device used depends first on 
the kind and condition of the metal, and secondly on how 
frequently the pieces must be dismantled. If the parts are 
to be put together permanently, riveting, welding, sol- 
dering, and brazing are popular assembly methods. 

If the parts must be dismantled for frequent repair 
or service, assembly devices must be used that can be 
easily removed without injuring the parts. Nuts and 
bolts, cap screws, machine screws, and set screws are 
then used. Figure 2-88 shows an assortment of fasten- 
ing devices. In the metric system, the diameter of fas- 
tening sizes is specified in millimeters. 

2.12.1 Machine Screws, Bolts, 
and Cap Screws 

Many small parts are assembled using specially 
threaded devices called machine screws. Machine screws 
are made of steel, stainless steel, brass, Monel metal, or 
other materials. They are available in a variety of head 
shapes. Various methods are used to turn these screws. 
See Figures 2-55, 2-60, and 2-88. Some less commonly 
used screw heads are shown in Figure 2-89. 

Machine screws come in various diameters. Eight 
are in the numbered sizes, while three are in the 
fractional-inch sizes. Each size may have either fine or 
coarse threads; the larger the number, the larger the di- 
ameter. A table of machine screw sizes and threads is 
given in Figure 2-90. 

In genera], bolts and cap screws are used in sizes 
1/4" and larger. The length of threads on a bolt is usu- 
ally two times the bolt diameter. Most bolts are provided 
with nuts. 

The threading on a cap screw is usually longer 
than the threading on a bolt. Threads sometimes extend 
up to the head of the cap screw. Cap screws are 
threaded into a part of the mechanism and do not 
require a nut. 

Metric screws can have four thread types, known 
as coarse, average, fine, and extra fine threads. The 
popular diameters and thread pitch sizes are shown in 
Figure 2-91. 

Diameters of metric bolts, nuts, and screws, as well 
as the thread pitches, are in millimeters. For example: 
10 mm diameter with a 1 .50 mm pitch. The wrench size 
is the same as the size given for the diameter of the bolt. 
A 10 mm wrench fits a 10 mm bolt. 

2.12.2 Gaskets 

Most mating surfaces are somewhat rough. To make 
a leakproof joint, gaskets are often used between sur- 
faces. Gaskets, being soft, seal joints between assembled 
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Figure 2-88* Fasteners must be carefully used and 
driven with proper tools. (Klein Tools, Inc.) 
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Figure 2-89. Less commonly used screw heads. 
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Figure 2-90. Common machine screw sizes. 
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Figure 2-91 . Table of metric screw information. 

parts. They keep the refrigerant from leaking out, pre- 
vent oil leakage, and keep air out of the system. They 
are used between the valve plate and the compressor 
body, between the service valve and the compressor 
body and between the valve plate and the compressor 
head. Gaskets are also used on the crankcase and at the 
crankshaft seal on open or external drive units. 

Metal is the most common gasket material. Lead is 
popular, being soft and noncorrosive. Aluminum has 
also been used. Composition gaskets made of plastic- 
impregnated paper are also popular. 

Gaskets must not restrict the openings. They must 
not lose their compressibility. Replacement gaskets must 



not be thicker than the original gaskets. The surfaces of 
parts that contact the gasket must be free of burrs, 
bruises, and foreign matter. 



2.13 Refrigeration Supplies 

Space prevents giving specifications for all refrig- 
eration supplies. However, a few basic items will be 
named and some information given about their specifi- 
cations, handling, and use. 

2.13.1 Abrasives 

Surfaces may be cleaned, smoothed, or made to ac- 
curate size with abrasives. Abrasives are sand-like grind- 
ing particles often attached to paper or cloth by glue or 
other adhesives. 

Sandpaper was the only abrasive for many years. 
It is still excellent for wood finishing or where a dry sur- 
face is wanted. Today, emery, aluminum oxide, and sili- 
con carbide are also commonly used. 

Each abrasive has several grades or variations in 
coarseness. 

• Emery cloth: 0000 (finest), 000 (extra fine), 00 (very 
fine), (fine), 1/2 (medium fine), and 1 (medium), 

• Silicon carbide: 500 (finest), 360 (very fine), 320 
(fine), 220 (medium fine), and 180 (medium). 

• Aluminum oxides: 320 (extra fine), 240 (fine), 150 
(medium fine), and 100 (medium). 

These abrasives come in 9" X 11" sheets or in rolls 
usually 1" wide. 

Sheet abrasives, whether paper or cloth, should be 
backed by a block of wood, metal, felt, or rubber. Spe- 
cial sanding blocks may also be iised. Always use clean 
abrasive paper. 

2.13.2 Brushes 

A clean steel wire brush is an excellent tool to pre- 
pare copper and steel surfaces for welding or brazing. 
These brushes can be bought in a variety of shapes and 
sizes. They should have fine steel wire bristles, which 
are thickly set. The handle should be comfortable. Spe- 
cial cylindrical brushes are good for cleaning outside 
and inside surfaces of tubing and fittings. Figure 2-92 
shows a cylindrically shaped wire brush. They are avail- 
able in all sizes. 




Figure 2-92. Wire brush used for cleaning inside 
surfaces of fittings before soldering or brazing. (Schaefer 
Brush Mfg. Co., Inc.) 
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2.13.3 Cleaning Solvents 

Any refrigeration mechanism must be thoroughly 
cleaned before and after repair. Many methods have 
been used. Some do not do a thorough job; some are dan- 
gerous. 

Any method must remove oil, grease, and sludge. 
In refrigeration and air conditioning, the cleaning 
method must remove moisture, or at least it should not 
add moisture. It must not damage the parts nor harm 
the user. There are several cleaning methods: 

• Steam Cleaning. If the parts are exposed to hot wa- 
ter or steam, the grease will usually become fluid 
and float off the surface. Steam and hot water may 
burn the user if they are carelessly used. 

• Caustic Solution Cleaning. An alkaline cleaner dis- 
solved in hot water will remove grease and oil. This 
solution must be carefully used or the user may suf- 
fer burns or eye injury. 

• Oleum or Mineral Spirits. This petroleum product 
is popular for cleaning. It has a flash point of ap- 
proximately 140°F (60°C). Kerosene has a flash point 
of 130°F (54 C C), It cleans well and leaves a smudge- 
free surface. However, it presents a fire hazard and 
should always be used in small amounts. It should 
be contained in self-closing tanks. The area should 
be exhaust-ventilated (have a hood and an 
explosion-proof exhaust fan). 

• Alcohol. Alcohol is also a good cleaning fluid. 
However, it is both flammable and toxic. Special 
precautions must be taken: excellent ventilation, no 
open flames, use in small amounts. 

• Vapor degreasing. This is a system using a clean- 
ing fluid contained in a tank. The fluid is wanned, 
filling the upper part of the tank with vapors of the 
cleaner. Any parts suspended in this cleaning va- 
por are quickly and thoroughly cleaned. Such a tank 
must be specially vented, 

• Patented cleaning fluids. When these are used, one 
should read and carefully follow the manufacturer's 
instructions. 

Carbon tetrachloride should never be used in clean- 
ing refrigeration or air conditioning mechanisms. It is 
toxic, and can be absorbed through the respiratory sys- 
tem or the skin. 

Never use gasoline for cleaning. It has a low flash 
point. Gasoline fumes are heavy and may travel far to ig- 
nition sources causing an explosion or flash fire. Do not 
use a propane or LP cylinder to clean parts. The liquid or 
gas will quickly evaporate and may burn or explode. 

Refer to Chapter 31 for more information on 
cleaning. 

2.13.4 Refrigerants 

The refrigeration service technician is required to 
handle refrigerants and charge them into refrigerating 



mechanisms. Several different refrigerants are care- 
fully described in Chapter 9 along with safe handling 
methods. 

Refrigerants must be kept dry and clean. Remember, 
all exposed surfaces absorb moisture if left in the open. 
If a compressor is torn down, overhauled, and reas- 
sembled, it must first be completely dried before it can 
be charged with refrigerant. See Chapter 12 for detailed 
ins true dons. 

Refrigerants are stored and handled by the service 
technician in portable refrigerant cylinders. Refrigerants 
are identified by a cylinder color code. See Chapter 9 for 
a table of color codes for common refrigerants. 

Cylinders for different refrigerants must not be in- 
terchanged. Refrigerants should always be stored in the 
cylinder specified {color code). 

Never fill refrigerant cylinders over 80% of capac- 
ity. With a temperature increase, hydrostatic pressure 
may burst the overfilled cylinder. 

Do not vent refrigerant directly into the atmosphere. 

2.13.5 Refrigerant Oil 

In the mechanical refrigerating system, moving 
parts must be lubricated with oil for long life and effi- 
cient performance. There are a variety of refrigerant oils, 
including mineral oils, polyol ester-based oils, alkyl ben- 
zene, and polyalkylene glycol (PAG). The type of oil 
used must match the type of refrigerant used. Tire new 
azeotropic mixtures and refrigerant 134a use polyol 
ester-based oils. The traditional refrigerants require min- 
eral oil. Never mix different types of oil within a sys- 
tem. 

Use oils that have a low pour point (temperature at 
which the oil begins to flow). This will avoid wax sepa- 
ration at the lowest temperature in the system. Wax 
could clog the refrigerant control orifice. 

Due to the low temperatures at which they 
operate, food freezer and frozen food units need oils 
with extra-low pour points and a very 1ow t wax con- 
tent. The oil cannot have any hydrocarbons of the 
type that may collect on the compressor valves or other 
parts. 

The viscosity of the oil must be accurately deter- 
mined for the temperature ranges to which the refriger- 
ating system may be exposed. See Chapter 9 for further 
information. When possible, follow the manufacturer's 
recommendations. See Chapter 31 . 

Refrigerant oil must be kept in sealed containers. It 
must be transferred in chemically cleaned containers and 
lines, and it must not be exposed to air where it will 
absorb moisture. When recharging a system with refrig- 
erant, always add new oil. Special pressure pumps may 
be used to pump oil into the low side of a system. To 
retrofit a system and change oils, see Chapter 10 for step- 
by-step procedures. 

Refrigeration oil comes in one- or five-gallon cans 
and in barrels. It is advisable to purchase it in small 
sealed containers, holding only enough for each sepa- 
rate service operation. Unused oil allowed to remain in 
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the container or oil transferred from one container to an- 
other may pick up some moisture, and perhaps even 
dirt. 

The pour point of any oil is the temperature at which 
it starts to flow. The price of refrigeration oil varies with 
the grade. A low pour point oil is more expensive. 

Domestic machines with refrigerant temperatures 
as low as 0°F to 5°F (-16°C to -15°C) need oil with a 
pour point of -20°F (-29°C). For food freezers with re- 
frigerant temperatures as low as -50°F (-46 D C), a pour 
point of -60°F (-51°C) is desirable. Always seal an oil 
container after drawing oil from it. 

2.13.6 Epoxy Resin 

Epoxy resin may be used to repair cracks and leaks 
in evaporators and joints. Such resins have good adhe- 
sion (sticking) qualities when used with steel, copper, 
wood, and many plastics. Epoxy adhesives are available 
from many manufacturers or refrigeration supply 
wholesalers. 

The most desirable type of epoxy resin is the two- 
part system. This consists of an epoxy resin and a hard- 
ener, in two jars or tubes. 

These two, paste-like substances will harden at 
room temperature when mixed together. The one-part 
adhesive must be heated in order to harden it. 

When repairing tubing, first determine the size of 
the leak. Small leaks or holes up to 1/16" in diameter 
can often be successfully sealed by placing the mixed ep- 
oxy over the leak and allowing it to cure. The same pro- 
cedure is recommended for small tubing cracks. For 
larger holes, a patch of the same type of tubing material 
is recommended. 

The shelf life of most epoxy resins is about six 
months. Epoxy compounds should be purchased from a 
refrigeration wholesaler because some epoxies available 
elsewhere are not compatible with refrigerants R-12 and 
R-22. 

Care must be taken when using epoxy compounds 
because they contain chemicals which may irritate the 
skin. Long contact with the skin should be avoided. In 
case of contact, remove the epoxy and clean the skin with 
rubbing alcohol. Then wash thoroughly with soap and 
water. 

The procedure for using epoxy compound is as 
follows: 

1. Obtain a two-part epoxy kit, Figure 2-93. 

2. Clean the surface or surfaces to be bonded. Use 
clean, coarse sandpaper, or scrub the surface with 
clean steel wool. 

3. Clean the surface with a suitable recommended sol- 
vent such as methyl ethyl ketone, toluene, acetone, 
or a similar industrial solvent. Obey all solvent 
safety rules. 

4. Mix together equal parts of resin and hardener on 
a clean surface such as a piece of cardboard. Keep 
mixing until the mixture has a uniform color, 

5. Apply the epoxy mixture to the surface if it has only 
a small hole. Apply to mating surfaces if a patch 



(of the same type of refrigeration tubing material 
used in the system) is to be used as shown in 
Figure 2-94. Epoxy compounds should be used im- 
mediately after mixing since chemical hardening or 
setting starts immediately. 
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Figure 2-93. Evaporator repair kit used for repairing 
leaks in aluminum evaporators, copper-to-aluminum 
joints, and all other metals, (Sealed Unit Pans Co., Inc.) 




Figure 2-94. Epoxy compound is used to join the patch 
material to the damaged part. A — Completed patch. 



2.14 Service Valves 

Sendee technicians must be familiar with manual 
valves in refrigerating systems. These valves enable 
them to seal off parts of the system while installing 
gauges, recharging, or discharging the system. 

Several kinds of manual or hand valves are used. 
Such valves may have handwheels on their stems, but 
most are made so that a valve wrench is needed to turn 
them. Valve stems are made of steel or brass. The body 
of the valve is usually made of drop-forged brass. Pack- 
ing is installed around the valve stem. A packing adjust- 
ing nut keeps the joint from leaking. 

One-way and two-way service valves are com- 
monly used. One-way service valves have only one 
opening which can be either opened or closed. The two- 
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way service valve has two openings. One may be open 
while the other is closed, or both may be open. 

The two-way valve usually closes or shuts off the 
refrigerant flow in the system when the stem is turned 
all the way in (clockwise). It shuts off the charging, dis- 
charging, or gauge opening when the valve stem is 
turned all the way out (counterclockwise). When the 
valve stem is turned part way, both of the openings al- 
low the fluid (refrigerant) to flow through, Figure 2-95. 

The tubing or pipe is fastened to a valve by flare 
connection or by brazing. The valve may also be at- 
tached to the refrigerating mechanism either by pipe 
threads or by bolted flanges. 

It is good practice to open a valve by first "crack- 
ing" it (opening it 1/16 or 1/8 turn). This prevents a 
shock pressure rush which may damage mechanisms, 
gauges, flush oil in abnormal amounts, or injure the tech- 
nician. 

Be sure the valve stem is clean before turning it in 
(clockwise). A scarred or dirty valve stem will ruin the 
valve packing. See Chapter 15. 




Figure 2-95. Two typical service valve designs. No. 1 is 

a two-way valve. A — Opening to compressor. 

B— Opening to the refrigerant line. C— Service opening. 

No. 2 is a one-way valve. D— Opening to the liquid 
line. E— Opening to the liquid receiver. Valve No. 1 has 
an open valve stem. Valve No. 2 has a cap over the 
valve stem. 



2.15 Purging 

Purging refers to the process of removing unwanted 
air, vapors, dirt, or moisture from a system and into the 
atmosphere. Purging a system with CFC or HCFC 
refrigerants is not allowed under EPA regulations. 
Refrigerants removed must be recovered. Chapter 10 
provides additional information regarding appropriate 
techniques for refrigerant recovery. 



2.16 Evacuating 

A refrigerating system must contain only the re- 
frigerant in either liquid or vapor state along with dry 
oil. All other vapors, gases, and fluids must be re- 
moved. 

These substances can be removed best by connect- 
ing the system to a vacuum pump, Figure 2-96, and al- 
lowing the pump to run continuously for some time 
while a deep vacuum is drawn on the system. There are 
numerous types of vacuum pumps, depending upon the 
application. Residential units will utilize a smaller sys- 
tem than those used for commercial units. 

It is sometimes necessary to warm the parts to 120°F 
(49°C) while under a high vacuum in order to remove 
all unwanted moisture. Heat the parts using warm air, 
heat lamps, or warm water. Never use a torch! 




Figure 2-96. Heavy-duty portable vacuum pump. Note 
offset rotary vanes used as a means of compression. Unit 
is capable of producing a vacuum of 20 microns, and is 
usable in air conditioning and refrigeration systems using 
CFC, HCFC, or HFC refrigerants, in conjunction with 
mineral oil, polyol ester oil, PAG oil, or alkylbenzene oil 
as lubricants. (Robinair, SPX Corporation) 



2.1 7 Review of Safety 



Before working with tools, review the safety steps. 

1 . Tubing should be bent in as large a radius as pos- 
sible. 

2. "Mushroom" heads should be ground off from chis- 
els and punches. Fragments may fly off when struck 
with the hammer, causing serious injury. 

3. Files should never be used without handles. The tang 
may injure the hands. 

4. Wear goggles when drilling. Chips may fly. 



100 



Modem Refrigeration and Air Conditioning 



5. Emery cloth should not be used to clean tubing to 
prepare for soldering. It may leave an oily deposit. 
Also, the hard grit could cause considerable damage 
if allowed to enter the refrigerating mechanism. 

6. When pressure testing for leaks in tubing circuits, 
use low or medium pressure carbon dioxide or ni- 
trogen. Never use oxygen. Caution; see Chapter 12. 

7. Carbon tetrachloride should not be used for any pur- 
pose as it is toxic and can be absorbed through the 
skin. 

8. Brazing materials sometimes contain cadmium. 
Fumes from heated cadmium are poisonous. Be sure 
that the work space is well ventilated. If possible, use 
brazing alloys which do not contain cadmium. 

9. It is recommended that refrigerant cylinders never 
be filled above 80% of their capacity. If overfilled, 
hydrostatic pressure may cause them to burst. 

10. Wrenches used on refrigeration line fittings should 
always fit snugly. Poorly fitted wrenches will ruin 
nuts and bolt heads. Also, the wrench may slip and 
cause an injury to the technician. 

11. Always "crack" service valves and cylinder valves 
before opening. This gives quick control of the flow 
of gases if there is any danger. 

12. Moisture is always a hazard to refrigerating mecha- 
nisms. Keep everything connected with a refrigerat- 
ing mechanism thoroughly dry. 

13. Never purge refrigerant directly to the atmosphere. 

14. Epoxy bonding materials may irritate the skin or 
many membranes of the user. 



2.18 Test Your Knowledge 



Please do not write in this text. Place your answers on a 
separate sheet of paper. 

TUBING AND FITTINGS MODULE 

1. A fitting is the best type of fitting for use 

with polyethylene tubing. 

A. push-on-type barb 

B. flare 

C. compression-type 

D. solar-type brass 

2. When cutting copper tubing with a hacksaw, what 
precautions must be taken? 

A. Cut squarely at 90° and remove all sharp burrs. 

B. Do not let chips or filings get into the tubing. 

C. Close off ends of unused part of the tubing. 

D. All of the above. 

3. What is the OD of 1 /4" refrigeration tubing? 

A. 0.250" 

B. 0.280" 

C. 0.310" 

D. 0.375" 




4. Why do some technicians file the ends of copper 
tubing? 

A. To remove burrs. 

B. To restore full wall thickness. 

C. Both A and B. 

D. Only steel tubing should be filed. 

5. How can an internal bending spring be removed 
from a flared tube after making a bend? 

A. Bend the tube before making the flare. 

B. Grease the spring before insertion. 

C. Twist the spring. 

D. Only an internal spring should be used. 

6. Before soldering metal, are both cleaning and flux- 
ing necessary? 

A. No. Only fluxing is necessary. 

B. No. If the metal is clean, it does not need flux. 

C. Yes. First clean the surface and then add flux. 

D. Yes, except for aluminum. It can be soldered 
without flux. 

7. Soldered metal must be when soldering. 

A. about 1150°F 

B. hot enough to anneal the metal 

C hot enough to make the solder fully liquid 
D. hot enough to drive the water out of the flux 

8. Why must a joint be cleaned after brazing? 

A. It only needs cleaning before brazing. 

B. It only needs cleaning if acid flux is used. 

C. To remove flux, w 7 hich may corrode tubing. 

D. To remove excess brazing alloy. 

9. What indicates that the correct brazing temperature 
has been reached? 

A. The metal surface turns green, 

B. A green color appears in the flame. 

C. The brazing alloy melts when held in the flame. 

D. The flux bubbles. 

10. When mating a steel pipe with a male NP thread to 
a fitting that has an NF internal thread, what pre- 
cautions are necessary? 

A. Use pipe compound, and insert for a distance 
of five threads. 

B. Make sure the sizes are equal i.e.: 3/4" NP and 
3/4" NP. 

C. Both A and B. 

D. Do not mate NP to NF. 



REFRIGERATION TOOLS MODULE 

11. A(n) . wrench should be used on a valve 

stem. 

A. Allen wrench 

B. miniature pipe 

C. service valve 

D. Torx® key 

12. When should you push and pull on a wrench? 

A. Push to loosen, pull to tighten. 

B. Pull to loosen, push to tighten. 

C. Always push. 

D. Always pull. 
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13. What tool should be used on a slotted hexagon head 
bolt? 

A. Straight screwdriver. 

B. Nut pliers. 

C. Hex key wrench. 

D. Twelve-point socket. 

14. Which tool would be easiest to use when operating 
in a small or restricted space? 

A. Six-point socket wrench. 

B. Twelve-point box end wrench. 

C. Metric wrenches only. 

D. Nut driver. 

15. Which of the following would not describe a box 
wrench? 

A. Straight. 

B. Offset. 

C. Double offset. 

D. Open ended. 

16. Which of the following is not a popular size for open 
ended wrenches? 

A. 7/16". 

B. 1/2". 

C. 3/16". 

D. 5/8". 

17. How much torque will be produced if a 2' long 
wrench handle is pulled by a spring scale reading 
40 lbs.? 

A. 80 ft.lbs. 

B. 80 in.lbs. 
C 960 ft.lbs. 
D. 960 in.lbs. 

18. A double cut file is a file 

A. with teeth on both sides 

B. that has no safe edge 

C. that cuts on both the forward and back strokes 

D. with teeth cut in two directions 

19. Which of the following is not a common type of 
punch? 

A. Drift punch. 

B. Pin punch. 

C. Prick punch. 

D. Mushroom punch. 

20. A tight nut or bolt may be loosened safely by 



A. soaking the threads with penetrating oil 

B. heating it 

C. tapping it lightly with a hammer 

D. Any of the above. 



INSTRUMENTS AND GAUGES MODULE 

21 . What is the most common way to check a thermom- 
eter for accuracy? 

A. Spray on R-134a; it should read -26°C 

B. Put in ice and salt mix; it should read -21°C. 

C. Put in ice and water mix; it should read within 

i°c of o°e 

D. Put in mouth; it should read 37°C. 



22. A compomid gauge is used to 

A. show the highest and lowest temperatures 
reached 

B. show pressure- temperature relationships 

C measure pressure (psig) and vacuum (in. Hg) 

D. give accurate readings in the usual range and 

approximate readings over a wider range 

23. Which of the following is the most common tool to 
use for determining pressure and temperature? 

A. Thermometer, 

B. Pressure gauge. 

C. Vacuum gauge. 

D. None of the above. 

24. The thermometer is frequently used to determine 
the temperature in a(n) _. 

A. evaporator and condensing unit 

B. refrigerator 

C. liquid line or suction line 

D. All of the above. 

25. The vacuum gauge measures pressures that are 
lower than atmospheric pressure. Which of the fol- 
lowing is not a common calibration? 

A. Inches of mercury (in. Hg). 

B. Pounds per square inch (psi). 

C. Pounds per square inch absolute (psia). 

D. Pounds per square foot (psf). 

26. A gauge manifold includes a 

A. center gauge 

B. high-side gauge 

C. low-side gauge 

D. high- and low -side gauge 

27. A compound gauge shows a change in atmospheric 
pressure with altitude. At sea level the gauge 
should be set for 

A. 

B. 14.7 
C 13.7 
D. 12.9 

28. Micrometers are used to measure _ 

A. hundredths of an inch 

B. thousandths of an inch or hundredths of a mil- 
limeter 

C. ten-thousandths of an inch or hundredths of a 
millimeter 

D. Any of the above. 

29. Calibrating equipment used to check the accuracy 

of a gauge is made to show a reading at 

sea level. 

A. 

B. 14.7 
C 10.5 
D. 15 

30. A gauge that has a reading must be reset to 
when used at high elevations. 



A. 

B. 14.7 

C. 10 

D. None of the above. 
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SUPPLIES AND USE MODULE 

31. Why must refrigerant oil be practically wax free? 

A. To prevent foaming. 

B. Wax can clog the refrigerant control orifice. 

C. Wax can cause copper tubing to corrode, 

D. All of the above. 

32. What is a very important precaution one must take 
when filling refrigerant cylinders? 

A. Obey refrigerant color code. 

B. Never fill cylinders over 80% of capacity. 

C. Both A and B. 

D. Never reuse refrigerant cylinders. 

33. What could cause a one-way service valve to leak 
at the valve stem? 

A. A dirty valve stem. 

B. A loose packing adjusting nut. 

C. Valve was "cracked" too much before opening. 

D. Either A or B. 

34. When a system is left connected to a vacuum pump 
for a time to clean it, this procedure is referred to 
as 

A. evacuating 

B. flushing 

C. purging 

D. vapor degreasing 

35. Never fill refrigerant cylinders over % of ca- 
pacity. 

A. 80 

B. 90 

C. 50 

D. 100 



36. Purging is a term which describes 

A. leakage of refrigerant into the atmosphere 

B. removing unwanted air, vapors, dirt or mois- 
ture from a system 

C. removing excess dirt from the atmosphere 

D. adding refrigerant to a system 

37. Which one of the following should not be used as a 
cleaning solvent? 

A. Oleum of mineral spirits. 

B. Alcohol. 

C. Steam. 

D. Carbon tetrachloride. 

38. What type of lubricant does R-134a use? 

A. Mineral oil. 

B. Polyol ester-based. 

C. Both A and B. 

D. Neither A nor 13. 

39. In a two-way service valve 

A. only one opening can be opened 

B. only one opening can be closed 

C. both openings can be opened. 

D. None of the above. 

40. Which of the following is used to repair a 1/8" hole 
in a copper evaporator tube? 

A. Sandpaper and cleaning solvent. 

B. Epoxy resin and hardener. 

C. Patch made by cutting in half a scrap of the 
same type of refrigeration tubing used in the 
system. 

D. All of the above. 
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Learning Objectives: 

By studying this chapter, you will be able to: 

♦ Explain the operation of a simple ice refrigerator. 

♦ Explain how evaporation provides a cooling effect. 

♦ Name the basic mechanical refrigeration systems. 

♦ Explain various applications for mechanical refrigera- 
tion systems. 

♦ Describe the operation of various mechanical refrig- 
eration systems. 

♦ Compare compression- and absorption -type systems. 

♦ Discuss refrigeration systems using icemakers and 
water coolers. 

♦ Explain how a system using an expendable-type of re- 
frigerant works. 

♦ Discuss and compare domestic and commercial re- 
frigeration systems. 

♦ Explain the operation of thermoelectric refrigeration. 

♦ Compare the differences between hot-gas and elec- 
tric defrost systems. 




3.1 Ice Refrigeration 

For years, ice (frozen water) was the only refriger- 
ating means available. It is still used in many refrigerat- 
ing applications. The typical ice refrigerator, Figure 3-1, 
is an insulated cabinet equipped with a tray or tank at 
the top for holding blocks or pieces of ice (aqua). 

Shelves for food are located below the ice compart- 
ment. Cold air (green striped arrows) flaws downward 



Co!d Air Flow 
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Figure 3-1. Basic design and operation of an ice 
refrigerator. 
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from the ice compartment. It cools the food on the 
shelves below. The ah becomes warmer and rises from 
the bottom of the cabinet (red striped arrows). It travels 
up the sides and back of the cabinet. Flowing over the 
ice, it cools and again flows down over the shelves. 

Ice refrigeration has the advantage of maintaining 
the interior of the cabinet at a fairly high humidity (mois- 
ture level). Food stored in this type of refrigerator does 
not dry out rapidly. 

Until the development of the mechanical refrigera- 
tor, natural ice refrigeration was quite widely used. Since 
then, artificial ice has been manufactured for refrigera- 
tion. Tempera hires inside an ice refrigerator are con- 
trolled by air flow. The air flows over the ice and through 
the cabinet. Temperatures will usually range between 
40°F and 50°F (4.4°C and WQ. 

When it is necessary to use ice for cooling tempera- 
tures below 32°F (0°C), ice and salt mixtures may be 
used. Temperatures down to 0°F (-18°C) may be ob- 
tained with ice and salt mixtures. See Chapter 31 for a 
table of ice and salt mixtures. 



3.2 Evaporative Refrigeration 
(Desert Bag) 

When a fluid evaporates, heat is absorbed. Evapo- 
ration of water is an example. This is why humans and 
animals perspire. Evaporation of moisture from the skin 
surface helps to keep a person cool. 

Another example of the evaporative principle is the 
desert bag used to keep drinking water cool. This bag, 
Figure 3-2, made of a tightly woven fabric, is filled with 
drinking water. Since the bag is not waterproof, some 
water seeps through. Thus, the outside surface of the bag 
remains moist. Desert conditions are usually both hot 
and dry. Moisture on the surface of the bag evaporates 
rapidly. 
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Figure 3-2. The desert bag is an example of cooling by 
evaporative refrigeration. 

Much of the heat which causes this evaporation 
comes from the bag and its water. This heat removal 
cools the drinking water inside the canvas. The water 
temperature is now several degrees below the tempera- 
ture of the surrounding air. 



3.3 Evaporative Refrigeration 
(Snow Making) 

Another common applicabon of water evaporation 
refrigeration is the method of making artificial snow 
for ski slopes. A snow machine, Figure 3-3, consists 
of a water nozzle into which a high-pressure jet of air 
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Figure 3-3. A water/compressed air nozzle is used for making artificial snow. 



Chapter 3 Basic Refrigeration Systems 



105 



is inserted. Water (dark green) flows from the nozzle. 
The air (green stripe) under high pressure causes the 
water to break up into tiny droplets. The droplets are 
similar to a fog. The surrounding air temperature must 
be near freezing or below freezing for snow to form. The 
droplets of water will tend to evaporate and rapidly 
cool. At this point, tiny drops of ice are formed. 

Using this method, artificial snow can be made 
when the temperature of the surrounding air tempera- 
ture is 32°F (0°C) or lower. In low humidity, artificial 
snow can be made when the temperature is as high as 
34°F (1°C). This is possible because of the rapid evapora- 
tion and evaporative cooling caused by the low humidity. 

Another example of evaporative cooling is an evap- 
orative condenser. Evaporative condensers are often 
used in connection with air conditioners. See Chapter 13. 
The evaporation of water helps cool the condenser. 



3.4 Compression System Using 

Low-Side Float Refrigerant Control 

The lozv-side float refrigerant control system was 
often used in early refrigerating mechanisms. It is also 
known as a flooded system. 

Figure 3-4 is a schematic diagram of this system. 
The Liquid refrigerant flows from the liquid receiver 
through the liquid line. It continues to flow up to the 
low-side float needle. The evaporator in this system con- 
sists of a finned tank (evaporator). The tank contains a 
float and needle control. These maintain a constant level 
of liquid refrigerant under a low-side pressure. 

This refrigerant, since it is a liquid on the low side, 
is at a low temperature. The cold liquid refrigerant will 
absorb much heat in both the on and the off cycles. 

Vaporized refrigerant moves through the suction 
(vapor) line to the compressor. There it is compressed to 
a high pressure and discharged into the condenser. It is 
cooled by the condenser, returns to a liquid and flows 
into the liquid receiver. The operation continues until the 
desired low temperature is reached. 

The pressure on the low side in a flooded system 
such as this will vary with the temperature. The higher 
the temperature, the higher the low-side pressure. 

The system shown in Figure 3-4 uses a pressure mo- 
tor control. A spring-loaded pressure-sensitive device is 
located on the suction line or on the evaporator. It acti- 
vates a motor control switch. As the motor drives the 
compressor, the pressure and temperature in the evapo- 
rator will be reduced. At a given pressure setting, the 
motor compressor will stop. 

When the pressure in the evaporator rises to a level 
corresponding to a preset refrigerant temperature, the 
cycle will repeat. The motor compressor will then start 
again. 

The cabinet temperature may be controlled by 
the temperature control switch. In this case, the 
temperature-sensitive element may be clamped to the 
fins on the evaporator. 
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Figure 3-4. Compression system using low-side float 
refrigerant control. 

This refrigerating cycle is useful when a constant 
temperature is desired. It is often used on drinking 
fountains and other installations requiring a constant 
temperature. 
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The pressures do not balance on the off cycle. There- 
fore, it is necessary to use a motor which will start un- 
der a load. Such a system requires a rather large 
refrigerant charge. This is because there is liquid refrig- 
erant in both the liquid receiver and in the evaporator. 

All flooded systems are quite efficient. Cold, liquid 
refrigerant wets the evaporator surfaces, providing ex- 
cellent heat transfer. These systems are easy to service. 
The float needle and seat must be kept in good condi- 
tion to avoid possible flooding of the low side. 



3.5 External-Drive (Open) 
Refrigerating System 

In the external-drive system, the compressor is usu- 
ally belt-driven from an electric motor. The speed of the 
compressor is usually considerably less than the speed 
of the motor. A small pulley is used on the motor shaft. 
A larger pulley (flywheel) is used on the compressor 
shaft. Most early refrigerating systems were like this. 
Figure 3-5 illustrates an open system. 
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Figure 3-5. Compression system using external-drive (open) compressor. A crankshaft seal is required at the place 

where crankshaft extends through crankcase of the compressor. 
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The liquid refrigerant (dark red), under high pres- 
sure, flows through the thermostatic expansion valve. It 
then enters the evaporator where it is under low pressure. 
It boils, vaporizes, and absorbs heat hi the evaporator. 

When the compressor is runiung, the vaporized re- 
frigerant (light blue) is drawn through the suction line 
and into the compressor. The refrigerant is compressed 
to a high pressure (light red) before being discharged 
into the condenser. 

In the condenser, the vapor (vaporized refrigerant) 
gives up its latent heat of vaporization. It is cooled, and 
returns to a liquid (dark red). From here, the cycle is re- 
peated. 

A thermostatic bulb motor control is shown. The 
starting mechanism on external-drive (open) system mo- 
tors is usually built into the motor. 

An external-drive system requires a crankshaft seal 
on the compressor. The motor and the compressor drive 
are at atmospheric pressure. The pressure inside the 
crankcase will vary depending on the refrigerant used 
and the temperature. Sometimes it may be considerably 
above atmospheric pressure; at other rimes, it may be be- 
low. Refrigerant vapor cannot be allowed to flow out or 
air to flow into the crankcase. Either would quickly ruin 
the operation. 



3.6 Compression System Using 
High-Side Float Refrigerant 
Control 

The high-side float system is a flooded system. The 
evaporator is always filled with liquid refrigerant. 

Figure 3-6 is a schematic diagram of a high-side 
float refrigerant control system. As the compressor runs, 
refrigerant from the condenser flows into the high-side 
float mechanism. 

When enough liquid refrigerant has entered the 
high-side float mechanism, it raises the float ball. The re- 
frigerant will then begin to flow through the control to 
the evaporator. The evaporator is under low pressure. 
Therefore, the tubing connecting the high-side float and 
the evaporator should be insulated. A capillary tube re- 
frigerant line is frequently used. 

If a different size line is used, it should have a 
weight valve at the evaporator. This prevents the refrig- 
erant from evaporating in the connecting line. Figure 3-6 
shows a weight valve in the connecting line. 

Refrigerant entering the evaporator is under low 
pressure (dark blue). It will rapidly evaporate (boil) and 
absorb heat from the evaporator. 

The vapor (light blue) then flows through the suc- 
tion line to the compressor. There it is compressed 
(squeezed) to the high-side pressure (light red). In the 
condenser, the heat absorbed in the evaporator is re- 
moved. The refrigerant is returned to the liquid state 
(dark red). It flows into the high -side mechanism where 
the cycle is repeated. 
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during service. 

Whether a refrigerant that has been removed from 
system needing repair can be used again after the 
repair. 

What precautions should be taken when transfer- 
ring refrigerant into an empty cylinder. 
Procedures used to recover refrigerant when replac- 
ing a compressor. 

What should be done after the required recovery 
vacuum is reached. 

In evacuating systems containing more than 200 lb. 
of R-12, the level to which the system must be evac- 
uated. 

Evacuation levels required for small and large ap- 
pliances before and after November 15, 1993. 
When CFCs can be evacuated to the atmosphere 
pressure. 

What would be described as a major repair on a 
system. 



30.9 North American Technician 
Excellence Air Conditioning 
Excellence HVAC Exam 

In the summer of 1999, an unprecedented event 
occurred. Testing organizations, refrigerant technician 
organizations, and others in the heating, ventilating, and 
air condi honing field united to create and support a sin- 
gular testing and certification instrument for technicians 
in the HVAC field. As of 1999, ACCA (Air Conditioning 
Contractors of America) and RSES (Refrigeration Service 
Engineers Society) combined their expertise under one 
independent certification organization: North American 
Technician Excellence (NATE). They agreed that a new 
exam, titled Air Conditioning Excellence (ACE), would be 
offered for technician certification in the areas of 
residential and light commercial HVAC. Once certified, 
credentials are valid for five years. 

Tests are offered for both installation and service 
technicians. Certification as an installation or service 
technician requires taking both the core exam and one 
specialty exam. The five specialty exams available are air 
conditioning, air distribution, gas heating, heat pumps, 
and oil heating. Specialty exams cover installation, serv- 
ice, system components and applied knowledge, regula- 
tions, codes, and safety. Each specialty exam consists of 
100 questions. A passing grade is 70%. The core exam 
includes areas such as safety, tools, soft skills, principles 
of heat transfer and total comfort, and electricity. The 
core exam consists of 50 questions. A passing grade is 
70%. It will take approximately four hours to complete 
the core exam and one specialty exam. 

Installation technicians are primarily responsible 
for the installation site, fabrication of connections, and 
assembly of systems. There are no education or experi- 
ence requirements to become certified as an installation 
technician; however, one year of field experience is rec- 
ommended. 

Service technicians perform the same tasks as instal- 
lation technicians. They must also be able to power up 
and adjust control settings to cycle equipment. A service 
technician must be able to perform field diagnostic pro- 
cedures and determine causes of unsatisfactory per- 
formance as well as identify proper solutions. There are 
no service or educational requirements to become certi- 
fied as a service technician. Two years of field experience 
are recommended. Service technicians are automatically 
qualified as installation technicians. To register online 
for the ACE exam, contact NATE at www.natex.org. 



30.10 Service Organizations and 
Industry Associations 

Involvement in service organizations and industry 
associations provides opportunities for networking and 
for updating of knowledge. There are a variety of 
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organizations available for the HVAC technician. The 
following are some organizations that provide support 
for technicians. Further information concerning these or- 
ganizations can be easily obtained by visiting their re- 
spective websites. 



30.10.1 Air Conditioning Contractors 

of America 

Air Conditioning Contractors of America, or ACC A, 
is a trade organization for contractors in the fields of 
heating, ventilating, air conditioning, and refrigeration. 
Its membership also includes manufacturers of HVACR 
equipment, wholesalers and distributors, vocational 
and technical schools, and facilities operators. ACCA 
provides training programs, manuals, books, and videos 
on a wide variety of topics. A monthly newsletter pro- 
vides information on legislative issues, manufacturer 
and utility relations, and trends in the industry. Their 
web address is www.acca.org. 



30.10.2 Refrigeration Service Engineers 
Society 

The Refrigeration Service Engineers Society, or 
RSES, provides educational meetings, seminars, work- 
shops, technical qualification and examination pro- 
grams, and training courses. Monthly publishing of the 
RSES journal provides updates regarding pertinent is- 
sues in the HVAC held. Educational courses and mini- 
courses are available. The RSES website is located at 
www.rses.org. 



30.10.3 Air-Conditioning and Refrigeration 
Institute 

The Air-Conditioning and Refrigeration Institute, or 
ARI, which combines the resources of manufacturers, 
contractors, wholesalers, and others, has developed a 
curriculum guide and testing program called the Indus- 
try Competency Exam (ICE). The test is designed for 
entry-level technicians (those with less than one year in 
the field). These exams are frequently offered as part of 
a school curriculum. 

ARI facilitates the administration of the ICE, which 
is used to measure knowledge and task statements pro- 
vided by the Curriculum Guide. Three exams are of- 
fered, each assessing basic competency of industry 
standards in the HVAC field. The three exams offered 
are: residential air conditioning and heating, light com- 
mercial air conditioning and heating, and commercial 
refrigeration. Each exam consists of 100 multiple- 
choice questions. Technicians who successfully pass the 
exams are listed in the bi-yearly Directory of Passing 
Candidates. For further information, contact ARI at 
www. a ri.org. 



30.10.4 American Society of Heating, 

Refrigerating and Air-Conditioning 

Engineers 

The American Society of Heating, Refrigerating and 
Air-Conditioning Engineers, or ASHRAE, is an interna- 
tional organization. The purpose of the organization is 
to advance the arts and sciences of heating, ventilation, 
air conditioning, and refrigeration. Research, standards 
writing, continuing education, and publications are pro- 
vided through ASHRAE. ASHRAE standards provide 
uniform methods of testing and rating equipment and 
establish accepted practices for the HVACR industry. 
Broad-based technical programs are presented at semi- 
annual meetings. The web address for ASHRAE is 
www, ashrae. org. 



TYPICAL QUESTIONS 
MODULE 



30.1 1 Types of Questions 

The following questions are typical of the types of 
questions used hi Types I, II, and III Certification exams. 
These questions are not part of the certification test, but 
merely representations of questions, and are designed to 
familiarize you with a variety of test questions. 



30.11.1 General Core— Used in Types I, II, 
and III Certification Exams 

1 . Ozone may be defined as 

A. a harmful gas 

B. shnilar to radon gas 

C. a protective gas that shields the earth 

2. In what decade did the concern of ozone depletion 
start? 

A. 1950. 

B. 1960. 

C. 1970. 

D. 1980. 

E. 1990. 

3. The type of refrigerant that is most harmful to the 
ozone layer is 

A. HFC 

B. ammonia 

C. HCFC 

D. CFC 



The refrigerant entering the compressor is 

A. a hquid 

B. lightly superheated vapor 

C. subcooled vapor 

D. superheated liquid 
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Which is included in the list of good practices for 
conserving refrigerant? 

A, Fix repairs. 

B. Tighten all system connections. 
C Recover-recycle refrigerant. 

D. All of the above. 



30.11.2 Type I Certification 

1. When using passive recovery on a system with a 
non-operating compressor, the recovery must be 
made through 

A. low side only 

B. high side only 

C. both low and high sides 

2. Define a small appliance. 

A. An evaporative cooler, 

B. A packaged terminal air conditioner with 5 lb. 
of charge. 

C. All of the above. 

3. Which definition best describes the term small ap- 
pliance recovery category? 

A. Appliances containing more than 5 lb. of refrig- 
erant. 

B. Includes refrigerators and freezer only. 

C. Products charged with 5 lb. or less of refriger- 
ant. 

D. Products charged with 2 lb. only of refrigerant. 

4. Packaged terminal air conditioning can be serviced 
by a Type I Technician if the unit _. 

A. is charged with R-12 

B. is charged with R-22 

C. contains less than 5 lb. of refrigerant 

D. contains 15 lb. or more of refrigerant 

5. When a tank of mixed refrigerant is received at a 
reclamation facility, they may 

A. refuse the refrigerant for reclamation 

B. destroy the refrigerant 

C. resell the refrigerant as is 

D. report and fine the sender by EPA law 

30.11.3 Type ll Certification 

1 . Why would nitrogen be used when brazing? 

A. It eliminates the use of flux. 

B. It eliminates copper oxidation. 

C. It makes better, stronger joints. 

D. All of the above. 

2. When a system has a burnout, the recovery or re- 
cycle equipment should be protected to ensure 
high-efficiency recovery. The recovery /recycle 
equipment should contain a filter drier in 

A. the suction line of the system 

B. the liquid line of system 

C. cylinder inlet 

D. machine inlet 



3. Refrigerant must be removed from the condenser 
outlet when 

A. the evaporator is leaking 

B. the compressor is not operating 

C. the condenser is overhead 

D. the condenser is below the receiver 

4. Once liquid refrigerant has been recovered, any va- 
por which is left is 

A. bled to the atmosphere 

B. pumped into the high side 

C. pumped into a recovery unit 

D. condensed by the recovery unit 

5. Refrigerant can be removed from the condenser 
when 

A. the compressor is not working 

B. the condenser is mounted above ceiling height 

C. no receiver is present 

D. no discharge valves are present 

30.11.4 Type IN Certification 

1. Why is a purge cycle required on low-pressure 
chillers? 

A. Operating pressure may be below atmospheric 
pressure. 

B. Because of the refrigerant's low boiling point. 

C. Non-condensables in the system. 

D. Chiller may be opened for maintenance. 

2. One method of recovering refrigerant from a chiller 
that is cost effective and meets EPA requirement is 
to 

A. vapor recover 

B. use a liquid pump 

C. recover liquid first, then vapor 

D. recover vapor first, then liquid 

3. When removing R-ll or R-123 from a system, re- 
moval starts with 

A. vapor removal 

B. liquid removal 

C. liquid /vapor removal 

D. oil separation 

4. The maximum pressure of nitrogen when leak test- 
ing centrifugal systems is 

A. 50 psig 

B. 10 psig 
C psig 
D. 25 psig 

5. Recovery and recycling equipment manufactured 
before November 15, 1993, used for evacuation of 
low-pressure systems must evacuate the system to 
before making a major repair. 

A. 5 inches of mercury 

B. 25 inches of mercury 

C. 29 inches of mercury 

D. 15 inches of mercury 
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31.1 Kata Thermometer 

A Kata thermometer is used to measure air currents 
in open spaces. It is an alcohol thermometer with a Fahr- 
enheit scale etched in the glass. Two scales are available. 
One reads from 95°F to 100°F (35°C to 38°C). The other 
reads from 125°F to 130°F (52°C to 54°C). 

To use the thermometer, heat it to the higher °F 
value in a water bath. Thoroughly dry the thermometer 
and suspend it in the air current. Then record the time 
it takes, in seconds, to cool to the lower °F scale read- 
ing. Using this information, determine air movement in 
feet per minute from a Kata thermometer table. 
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31.2 Infrared Thermometer 

Temperatures may be measured with an infrared 
thermometer, Figure 31-1. This optical-electronic instru- 
ment gives almost instantaneous readings. It is aimed 
at the surface for which the temperature is to be 
determined. The temperature is read directly from the 
temperature scale. 

Different materials and types of surfaces give off 
heat at different rates. Therefore, it is necessary to set 
the instrument according to the nature of the surface. 
The adjustment for this is called the emissivity ad- 
justment. Some emissivity adjustments are given in 
Figure 31-2. 



31 .3 Weights and Specific Heats 
of Substances 




Figure 31-1. An infrared thermometer. This instrument 
focuses automatically for spot temperature measurements 
at distances from 0.35" to 40' (9 mm to 12 m). The 
measurement temperature range is from -50°F to 
1800°F (~46°C to 982°Q. (Wahl instruments, Inc.) 

Infrared Thermometer Adjustment Values 



Material 


Emissivity 


Aluminum 


Bright 

Anodized 

Oxidized 


0.09 

0.55 

0.2 to 0.3 


Brass 


Bright 
Oxidized 


0.03 
0.61 


Chromium 


Polished 


0.08 


Copper 


Bright 
Oxidized 


0.05 
0.78 


Iron and Steel 


Polished 
Oxidized 


0.55 
0.85 


Nickel 


Polished 
Oxidized 


0.05 

0.95 


Zinc 


Bright 
Oxidized 


0.23 

0.23 


Brick 


Building 


0.45 


Paints 


White 
Black 
Oil Paints (all colors) 


0.9 

0.86 
0.92 


Roofing Paper 




0.91 


Rubber 




0.94 


Silica 




0,42 to 0.62 


Water 




0.92 



Material 


Weight IbJtt 3 


Specific Heat Btu/lb. 


Gases 






Air (normal temp.) 


0.075 


0.24 


Metals 






Aluminum 


166.5 


0.214 


Copper 


552 


0.094 


Iron 


480 


0.118 


Lead 


710 


0.030 


Mercury 


847 


0.033 


Steel 


492 


0.117 


Zinc 


446 


0.096 


Liquids 






Alcohol 


49.6 


0.60 


Glycerin 


83.6 


0.576 


Oil 


57.5 


0.400 


Water 


62.4 


1.000 


Others 






Concrete 


147 


0.19 


Cork 


15 


0.48 


Glass 


164 


0.199 


Ice 


57.5 


0.504 


Masonry 


112 


0.200 


Paper 


58 


0.324 


Rubber 


59 


0.48 


Sand 


100 


0.195 


Stone 


138-200 


0.20 


Tar 


75 


0.35 


Wood, Oak 


48 


0.57 


Wood, Pine 


38 


0.47 



31.4 Energy 

There are two kinds of energy — potential and ki- 
netic. Potential energy is like a body of water controlled 
by a dam. The water has a great potential for doing work. 
However, until the water flows through a water wheel, 
no energy is produced. A mass at height H has 
PE = MgH. 

Kinetic energy is the energy of a moving body The 
formula is KE = 1/2 MV 2 = Foot Pounds. M = Weight, 
divided by 32 (the acceleration due to gravity). 
V = Velocity in feet per second (fps). In metric, KE = 
1/2 MV 2 = Joules. M = Mass in kilograms. V = Velocity 
in meters per second (m/sec). 



Figure 31-2. Emissivity of various surfaces. 
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31.5 Energy Equivalents (U.S. 
Conventional) 



31.7 Linear Measurement Equivalents 
(U.S. Conventional — SI Metric) 



1 Btu 


= 778 ft.-lb. 




= 252 gram -calories (g/cal) 




= 1054.8 joules (J) 


1 horsepower 


= 33,000 ft.-lb./min. 




= 550 ft.-lb./ssc. 




= 746 W 




= 2545.6 Btu/h 




= 42.42 Btu/min. 




= 1.014 hp (metric) 


1 horsepower hour 


* 1 hp for 1 hr. 




= 1,980,000 ft.-lb. 




= 746 W/hr. 




= 0.746 kWh 




= 2545.6 Btu 


1 watt (W) 


= 3.414 Btu/h 


1 kilowatt (kW) 


= 1000 w 




= 1.34 hp 


1 kilowatt hour (kWh) 


= 1 kW for 1 hr. 




= 1000 W/hr. 



1 inch 




= 2.54 cm 
= 25.4 mm 
= 25 400 pJTi 




1 foot 


= 12" 


= 0.304 m 

= 30.48 cm 




1 yard 


= 3' 


a 0.914 m 
= 91.44 cm 




1 micron 




= 0.000 039 4" 




1 millimeter 


= 1 000 /Aim 


= 0.0394" 




1 centimeter 


= 10 mm 


= 0.3937" 




1 meter 


= 100 cm 


= 39.37" 




1 kilometer 


= 1000 m 


= 0.62137 miles 





31.8 Fractional Inch Equivalents 
(Decimals and Millimeters) 



31 .5.1 Ice Melting Effect (IME) 



1 ton 


of refrigeration 


= 288.000 Btu/day 

» 12,000 Btu/h 
= 200 Btu/min. 
= 83.3 lb. of ice/hr. 
= 3.515 kW 



31.6 Energy Equivalents (SI Metric) 



Energy 

1 dyne cm 


= 1 erg = 0.001 g-cm = 7.38 x 10 _a ft.-lb. 


1 g-cm 


a 980.6 ergs = 7.233 x 10" 5 ft.-lb. 


1 ft.-lb. 

1 therm 


■ 13,557,300 ergs = 13,825.5 g-cm 
= 100,000 Btu 


Rate of Energy 

1 erg/sec. 


= 1 dyne cm /sec. = 7,38 x 10" 8 ft.-lb./sec. 


1 g-cm/sec 
1 ft.-lb./sec. 


= 980.6 ergs/sec. = 7.24 x 10" 5 ft.-lb./sec. 
= 13,557,300 ergs/sec. = 13,800 g-cm/sec. 



SI metric unit for energy is the joule. The erg and 
the dyne are part of the CGS metric system. (CGS stands 
for centimeter-gram-second. This is a metric system 
widely used in all branches of science throughout the 
world before adoption of SI units.) 



Fraction 


Decimal 


mm 


Fraction 


Decimal 


mm 


1/64 


0.0156 


0.3967 


33/64 


0.5162 


13.0968 


1/32 


0.0312 


0.7937 


17/32 


0.5312 


13.4937 


3/64 


0.0468 


1.1906 


35/64 


0.5468 i 


13.8906 


1/16 


0.0625 


1.5875 


9/16 


0.5625 


14.2875 


5/64 


0.0781 


1.9843 


37/64 


0.5781 


14.6843 


3/32 


0,0937 


2.3812 


19/32 


0.5937 


15.0812 


7/64 


0.1093 


2.7781 


39/64 


0,6093 


15.4781 


1/8 


0.125 


3.175 


5/8 


0.625 


15,875 


9/64 


0.1406 


3.5718 


41/64 


0.6406 


16.2718 


5/32 


0.1562 


3.9687 


21/32 


0.6562 


16.6687 


11/64 


0.1718 


4.3656 


43/64 


0.6718 


17.0656 


3/16 


0.1875 


4.7625 


11/16 


0.6875 


17.4625 


13/64 


0.2031 


5.1593 


45/64 


0.7031 


17.8593 


7/32 


0.2187 


5.5562 


23/32 


0.7187 


18.2562 


15/64 


0.2343 


5.9531 


47/64 


0.7343 


18.6531 


1/4 


0.25 


6.5 


3/4 


0.75 


19.05 


17/64 


0.2656 


6.7468 


49/64 


0.7656 


19.4468 


9/32 


0.2812 


7.1437 


25/32 


0.7812 


19.8437 


19/64 


0.2968 


7.5406 


51/64 


0.7968 


20.2406 


5/16 


0.3125 


7.9375 


13/16 


0.8125 


20.6375 


21/64 


0.3281 


8.3343 


53/64 


0.8281 


21.0343 


11/32 


0.3437 


8.7312 


27/32 


0.8437 


21.4312 


23/64 


0.3593 


9.1281 


55/64 


0.8593 


21 .8281 


3/8 


0.375 


9.525 


7/8 


0.875 


22.225 


25/64 


0.3906 


9.9218 


57/64 


0.8906 


22.6218 


13/32 


0.4062 


10.3187 


29/32 


0.9062 


23.0187 


27/64 


0.4218 


10.7156 


59/64 


0.9218 


23.4156 


7/16 


0.4375 


11.1125 


15/16 


0.9375 


23.8125 


29/64 


0.4531 


11.5093 


61/64 


0.9531 


24.2093 


15/32 


0.4687 


11.9062 


31/32 


0.9687 


24.6062 


31/64 


0.4843 


12.3031 


63/64 


0.9843 


25.0031 


1/2 


0.50 


12,7 


1 


1.000 


25.4 
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1 in 2 

1ft 2 =144 m 2 

1 yd 2 =9 ft 2 

1 yd 2 = 1296 in 2 



= 0.0065 m 2 
= 0.093 m 2 
= 0.836 m 2 



kPa 



31.10 Volume Equivalents 



1 in 3 



= 0.016 L 
= 16.39 cm 3 



1 ft 3 = 1728 in 3 

= 7.481 gal. 



= 28.317 L = 0.0283 m 3 
= 28 317.00 cm 3 



1 yd 3 = 27 ft 3 

= 46,656 in 3 



1 gal. 



= 0.1337 ft 3 
= 231 in 3 



= 3.79 L 

= 3785 cm 3 



1 cm 3 =0.0610237 in 3 



1 L =61.03 in 3 
= 0.2642 gal. 



1 000 cm 3 



101.3 



psiaO 
psig 




psia and/or psig 



29.4 psia 
29.4 psig 



1000 psia 
1000 psig 



Figure 31-3. The graph shows the following 
relationships. A — Between psia and kPa. B — Between 
psig and kPa. Most technicians prefer to use the lower 
graph line (A), which is simpler because it begins at 
zero. It is best to convert all psig readings to psia before 
trying to determine the kPa reading. 



31.11 Pressure Equivalents 

Figure 31-3 shows how psia units are related to kPa 
units. It also shows how psig units are related to kPa 
units. 



1 psia 


= 0.068 atmosphere 
= 144 ib./ft 2 
= 2.036" Hg 
= 2.307' water 
= 27.7" water 


= 0.703 m water 
= 70.3 cm water 
= 51.7 mm Hg 
= 6.9 kPa 


1 atmosphere 


= 29.92" Hg 
= 33.94' water 
= 14.696 psi 
= 2116.35 ib./ft 2 


= 101.28 kPa 
■ 760 mm Hg 
= 10.33 m water 


1 Ib./ft 2 


= 0.007 psi 

= 4.725 x 10" 4 atmosphere 

= 0.01414" Hg 

= 0.016' water 


= 0.048 kPa 
= 0.359 mm Hg 
= 0.0049 m water 


1 psig 
psig 


= 15.7 psia 
= 14.7 psia 


= 108kPa 
= 101.3 kPa 


1 oz./in 2 


= 0.128" Hg 

= 1 .73" water 




1 kg/cm 2 


= 14.22 psi 

= 2048.17 Ib./ft* 

= 0.967 atmosphere 

= 28.96" Hg 

= 32,8083' water 


= 10 m water 
= 97.98 kPa 


1"Hg 


= 0.0334 atmosphere 
■ 0.491 psi 

= 1.13' water 
= 13.6" water 
= 70.73 IbVft 2 


= 3.386 kPa 

= 25.4 mm Hg 
= 0.3453 m water 


1 m water 


= 1.42 psi 

= 204,8 Ib./ft 2 

= 0.097 atmosphere 

= 2.896" Hg 

= 3.28' water 


= 73.55 mm Hg 
= 9.78 kPa 


1 ' water 


= 0.0295 atmosphere 

= 0.434 psi 

= 62.43 lb./ft a 

= 0.03 atmosphere 

■ 0.883" Hg 


= 2.985 kPa 
=> 22.42 mm Hg 
= 0.305 m water 


1 mm Hg 


= 0.019 psi 

= 2.78 Ib./ft 2 

= 0.001316 atmosphere 

= 0.039" Hg 

= 0.0446' water 


= 0.133 kPa 

= 0.0136 m water 
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31.12 Velocity Equivalents 



31.15 Flow Equivalents 



1 mi./hr. 


= 1 .47 ft./sec. 


= 1.61 km/hr. 




= 0.87 knot 


= 0.45 m/sec. 


1 ft./S9C. 


= 0.68 mi./hr. 


= 1.1 km/hr. 




= 60 ft./min. 


= 0.305 m/sec. 




= 0.59 knot 




1 m/sec. 


- 3.28 ft./sec. 
= 2.24 mi./hr, 
= 1.94 knot 


= 3.6 km/hr. 


1 km/hr. 


= 0.91 ft./sec. 
= 0,62 mi./hr. 
= 0.54 knot 


= 0.28 m/sec. 



1 ftVmin. 


= 7.481 gal./min. 


= 28 317cm 3 /min. 




= 449 gaL/hr. 


= 28.32 L/min. 
= 1700 Uhr. 


1 tfVhr. 


= 0.0167 ft 3 /min. 


= 0.472 Umin, 




= 0.1247 gal./min. 


= 28.317 (Jhr. 




= 7.481 gal./hr. 


= 472 cm 3 /min. 


1 gal./min. 


= 0.1337 frVmin. 


= 3.79 L/min. 




= 8.022 ft 3 /hr. 


= 3785 cm 3 /min. 


1 L/min. 


= 0.0353 fr/Vmin. 
= 2.118 ft 3 /hr. 
= 0.2642 gal./min. 
= 15,852 gaL/hr. 


= 10Q0cm 3 /min. 



31.13 Liquid Measure Equivalents 



31.16 Heat Equivalents 



Liquid 






Measure 


U.S. 


Metric 


1pt. 


= 16 oz. 


= 0.473 L 


1 qt. 


= 2pt. 


= 0.946 L 


1 qt. 


= 32 oz. 




1 gal. 


= 4qt. 


= 3.785 L 


1 gal. 


= 8pt. 




1 gal. 


= 231 in 2 




1 ft 3 


= 7.48 gal. 




1 gal. 


= 8.34 lb. water 




1.136 qt. 




= 1 L 



31.14 Weight Equivalents 



1 Btu = 252 calories (cal) 

1 Btu = 1054.4 J 

1 kcal = 1 000 cal 

1 kcal =4.1840 kj 

1 kcai/kg = 4.1840 kJ/kg 

1 Btu/lb. = 0,5556 kcal/kg 

1 Btu/lb. = (4.1840 kJ/kcal)/(1 ,8=F/ a C) 

■a 2.3244 kJ/kg 

1 kcal/kg = 1 ,8 Btu/lb. 

1 Btu/h = 0.2931W 



Avoirdupois 


1 oz. 


= 437 grains (gr) 


= 28.35 g 
= 0.028 kg 


1 lb. 


= 7000 gr 


= 0.4536 kg 
= 453.6 g 


1 lb, 


= 16 oz. 


= 453.6 g 


1 gr 


= 0.000143 lb. 


■ 0.064 80 g 


1 ton 


= 2000 lb. 


= 907.2 kg 


1 g 


= 15.43 gr 

= 0.03527 oz. 
= 0,002205 lb. 


= .001 kg 


1 kg 


= 2.2 lb. 




Specific Weights (Density) 


1 lb./in 3 


= 1728 lb,/ft 3 


= 27.68 g/cm 3 

= 2.768 x 10 7 g/m 3 


1 lb./ft 3 


= 5.787 x 10"" lb./in 3 


= 0.016 g/cm 3 


1 gm/cm 3 


= 62.43 lb./ft 3 




1 kg/m 3 


= 0.06243 lb./ft 3 





The most correct definition of the kilocalorie is 1 
kcal = 4.1840 kj. This defines the unit called the thertno- 
chemical calorie. The thermochemical calorie is slightly 
more accurate than the unit used earlier in this book 
(1 kcal = 4.187 kj). 

Unit of heat per pound Celsius or Centrigrade heat 
unit is the heat required to raise one pound of water 1°C. 
It equals 1.8 Btu. 

1 Btu/fr 2 /hr./°F = 4.88 kgcal/m z /hr./°C 
1 kgcal/m 2 /hr./°C = 0.205 Btu/ft 2 /hr./°F 



31.17 Pumping Ratio 

The pumping ratio is the ratio of the suction pres- 
sure to the condensing or head pressure expressed in ab- 
solute pressures. Absolute pressure equals gauge 
pressure plus 15. 

Example: 

If the low-side pressure of a system is 15 psig: 

15 + 15 = 30 psia 

and the high-side pressure is 150 psig: 

150 + 15 = 165 psia, 

the pumping ratio equals 30/165 = 1/5.5 = 5.5 ;1 
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The pumping ratio should not exceed a certain 
value for each particular refrigerant. If the pumping ra- 
tio is too high, the temperature of the high-pressure va- 
por going through the exhaust valve would overheat the 
mechanism. This would cause some of the oil in the ex- 
haust pocket to become carbonized. 



31.18 Compression Ratio 

Compression ratio is die ratio of the total volume 
of the cylinder to the clearance space in a compressor, 
or that space which remains at the end of the compres- 
sion cycle. 

Example: 

A compressor has a 2" bore and a 2" stroke and a 
clearance space of 0.010". The volume in the valve ports 
equals 0.05 in 3 . The piston displacement is: 

77 r 2 XS 
77 = 3.1416 
r = l 

S = 2 

The volume equals 3.1416 X 1 X 2 = 6.2832 in 3 

The volume of the clearance space equals 

77 r 2 X r X S 

77 = 3.1416 

r = l 

S = 0.010 

The volume equals 

3.1416 X 1 X .010 = .031416 = 0.03 in 3 

Total clearance space: 0.05 + 0,03 = 0.08 in 3 

The total volume of the cylinder is: 

6.2832 + 0.08 = 6.3632 = 6.36 

The compression ratio is 6.36 ■*■ 0.08 = 79.5: 1 



31.19 Temperature Conversion Table 

To use the following table, find the temperature to 
be converted in the center column. If converting to Cel- 
sius, read to the left. If converting to Fahrenheit, read to 
the right. 



°c 


°F 


°C 




•F 


-273.15 


-459.67 


-212 


-350 




-268 


-450 


-207 


-340 




-262 


-440 


-201 


-330 




-257 


-430 


-196 


-320 




-251 


-420 


-190 


-310 




-246 


-410 


-184 


-300 




-240 


-400 


-179 


-290 




-234 
-229 


-390 
-380 


-173 
-169 


-280 
-273 


-459.4 


-223 


-370 


-168 


-270 


-454 


-218 


-360 


-162 


-260 


-436 



°C 




°F 


X 




°F 


-157 


-250 


-418 


2.2 


36 


96.8 


-151 


-240 


-400 


2.8 


37 


98.6 


-146 


-230 


-382 


3.3 


38 


100.4 


-140 


-220 


-364 


3.9 


39 


102.2 


-134 


-210 


-346 


4.4 


40 


104.0 


-129 


-200 


-328 


5.0 


41 


105.8 


-123 


-190 


-310 


5.6 


42 


107.6 


-118 


-180 


-292 


6.1 


43 


109.4 


-112 


-170 


-274 


6.7 


44 


111.2 


-107 


-160 


-256 


7.2 


45 


113.0 


-101 


-150 


-238 


7.8 


46 


114,8 


-95.6 


-140 


-220 


8.3 


47 


116.6 


-90.0 


-130 


-202 


8.9 


48 


118.4 


-84.4 


-120 


-184 


9.4 


49 


120.2 


-78.9 


-110 


-166 


10.0 


50 


122.0 


-73.3 


-100 


-148 


10.6 


51 


123.8 


-67.8 


-90 


-130 


11.1 


52 


125.6 


-62.2 


-80 


-112 


11.7 


53 


127.4 


-56.7 


-70 


-94 


12.2 


54 


129.2 


-51.1 


-60 


-76 


12.8 


55 


131.0 


-45.6 


-50 


-58 


13.3 


56 


132.8 


-40.0 


-40 


-40 


13.9 


57 


134.6 


-34.4 


-30 


-22 


14.4 


58 


136.4 


-28.9 


-20 


-4 


15.0 


59 


138.2 


-23.3 


-10 


14 


15.6 


60 


140.0 


-17.8 





32 


16.1 


61 


141.8 


-17.2 


1 


33.8 


16.7 


62 


143.6 


-16.7 


2 


35.6 


17.2 


63 


145.4 


-16.1 


3 


37.4 


17.8 


64 


147.2 


-15.6 


4 


39.2 


18.3 


65 


149.0 


-15.0 


5 


41.0 


18.9 


66 


150.8 


-14.4 


6 


42.8 


19.4 


67 


152.6 


-13.9 


7 


44.6 


20.0 


68 


154.4 


-13.3 


8 


46.4 


20.6 


69 


156.2 


-12.8 


9 


48.2 


21.1 


70 


158.0 


-12.2 


10 


50,0 


21.7 


71 


159.8 


-11.7 


11 


51.8 


22.2 


72 


161,6 


-11.1 


12 


53.6 


22.8 


73 


163.4 


-10.6 


13 


55.4 


23.3 


74 


165.2 


-10.0 


14 


57.2 


23.9 


75 


167.0 


-9.4 


15 


59.0 


24.4 


76 


168.8 


-8.9 


16 


60.8 


25.0 


77 


170.6 


-8.3 


17 


62.6 


25.6 


78 


172.4 


-7,8 


18 


64.4 


26.1 


79 


174.2 


-7.2 


19 


66.2 


26.7 


80 


176.0 


-6.7 


20 


68.0 


27.2 


81 


177.8 


-6.1 


21 


69.8 


27.8 


82 


179.6 


-5.6 


22 


71.6 


28.3 


83 


181.4 


-5.0 


23 


73.4 


28.9 


84 


183.2 


-4.4 


24 


75.2 


29.4 


85 


185.0 


-3.9 


25 


77.0 


30,0 


86 


186.8 


-3.3 


26 


78.8 


30.6 


87 


188.6 


-2.8 


27 


80.6 


31.1 


88 


190.4 


-2.2 


28 


82.4 


31.7 


69 


192.2 


-1.7 


29 


84.2 


32.2 


90 


194.0 


-1.1 


30 


86.0 


32.8 


91 


195.8 


-0.6 


31 


87.8 


33.3 


92 


197,6 





32 


89.6 


33.9 


93 


199.4 


0.6 


33 


91.4 


34.4 


94 


201.2 


1.1 


34 


93.2 


35.0 


95 


203.0 


1.7 


35 


95.0 


35.6 


96 


204.8 
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36.1 


97 


206.6 


349 


660 


1220 


36.7 


98 


208.4 


354 


670 


1238 


37.2 


99 


210.2 


360 


680 


1256 


37.8 


TOO 


212.0 


366 


690 


1274 


43 


110 


230 


371 


700 


1292 


49 


120 


248 


377 


710 


1310 


54 


130 


266 


382 


720 


1328 


60 


140 


284 


388 


730 


1346 


66 


150 


302 


393 


740 


1364 


71 


160 


320 


399 


750 


1382 


77 


170 


338 


404 


760 


1400 


82 


180 


356 


410 


770 


1418 


B8 


190 


374 


416 


780 


1436 


93 


200 


392 


421 


790 


1454 


99 


210 


410 


427 


800 


1472 


100 


212 


413 


432 


810 


1490 


104 


220 


428 


438 


820 


1508 


110 


230 


446 


443 


830 


1526 


116 


240 


464 


449 


840 


1544 


121 


250 


482 


454 


850 


1562 


127 


260 


500 


460 


860 


1580 


132 


270 


518 


466 


870 


1598 


138 


280 


536 


471 


880 


1616 


143 


290 


554 


477 


890 


1634 


149 


300 


572 


482 


900 


1652 


154 


310 


590 


488 


910 


1670 


160 


320 


608 


493 


920 


1688 


166 


330 


626 


499 


930 


1703 


171 


340 


644 


504 


940 


1724 


177 


350 


662 


510 


950 


1742 


182 


360 


680 


516 


960 


1760 


188 


370 


698 


521 


970 


1778 


193 


380 


716 


527 


980 


1796 


199 


390 


734 


532 


990 


1814 


204 


400 


752 


538 


1000 


1832 


210 


410 


770 


543 


1010 


1850 


216 


420 


788 


549 


1020 


1868 


221 


430 


806 


554 


1030 


1886 


227 


440 


824 


560 


1040 


1904 


232 


450 


842 


566 


1050 


1922 


238 


460 


860 


571 


1060 


1940 


243 


470 


878 


577 


1070 


1958 


249 


480 


896 


582 


1080 


1976 


254 


490 


914 


588 


1090 


1994 


260 


500 


932 


593 


1100 


2012 


266 


510 


950 


599 


1110 


2030 


271 


520 
530 


968 


604 


1120 


2048 


277 


986 


610 


1130 


2066 


282 


540 


1004 


616 


1140 


2084 


288 


550 


1022 


621 


1150 


2102 


293 


560 


1040 


627 


1160 


2120 


299 


570 


1058 


632 


1170 


2138 


304 


580 


1076 


638 


1180 


2156 


310 


590 


1094 


643 


1190 


2174 


316 


600 


1112 


649 


1200 


2192 


321 


610 


1130 


704 


1300 


2372 


327 


620 


1148 


760 


1400 


2552 


332 


630 


1166 


816 


1500 


2732 


338 


640 


1184 


871 


1600 


2912 


343 


650 


1202 


927 


1700 


3092 


982 


1800 


3272 


1371 


2500 


4532 



X 




"F 


°C 




°F 


1038 


1900 


3452 


1427 


2600 


4712 


1093 


2000 


3632 


1482 


2700 


4892 


1149 


2100 


3812 


1538 


2800 


5072 


1204 


2200 


3992 


1593 


2900 


5252 


1260 


2300 


4172 


1649 


3000 


5432 


1316 


2400 


4352 









Interpolation Values 



X 




°F 


°C 




°F 


0.56 


1 


1.8 


3.33 


6 


10.8 


1.11 


2 


3.6 


3.89 


7 


12.6 


1.67 


3 


5.4 


4.44 


8 


14.4 


2.22 


4 


7.2 


5.00 


9 


16.2 


2.78 


5 


9.0 


5.56 


10 


18.0 



Courtesy of Thermatmn Corporation 

31 .20 Seasonal Energy Efficiency 
Rating (SEER) 

The EER (energy efficiency rating) and the COP (co- 
efficient of performance) are combined into the SEER 
(seasonal energy efficiency rating). See Section 16.16. An 
average is obtained with the following formula: 

SEER = 1.2 winter days/summer days 
+ winter days EER + 0.8 summer days /summer 
days + winter days (COP + 1) -3.414368 

The EER has traditionally been calculated using the 
following formula: 

EER = Btu/h of heating/ electrical power in watts 

The following formula may also be used since it 
uses all numbers given in Btu/h: 

SEERq = 1.2 WD/SD + WD EERq 

+ 0.8 SD/SD + WD (COP + 1) 

The EERq is found as follows: 

EER Q 

= Btu/h of heating/ electrical power in watts 0.293 

For all formulas, the COP is calculated as follows: 

COP 

= Btu/h of cooling /electrical power in watts 0.293 



31.21 Standard Temperature 

The weight of a certain volume of air depends on 
its temperature. The standard temperature used for de- 
termining the weight of air is 32 C F (0°C). This is the tem- 
perature of melting ice. 
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31.22 Standard Pressure 

The weight of a certain volume of air depends on 
its pressure. The standard pressure for determining the 
weight of air is 29.92" Hg (760 mm Hg.). This is the pres- 
sure of one atmosphere. 



31 .23 Standard Temperature and 
Pressure Sample 

A sample of air at standard temperature and under 
standard pressure is known as a sample at STP 
conditions. 



31.24 Standard Air 

Standard air and standard conditions are the same. 
Both conditions include pressure, temperature, and air 
density of 0.075 lb. /ft 3 (1.2007 kg/m 3 ). These values are: 



The heating value of wood is approximately 6200 



Btu/lb. 





U.S. Conventional 




Condition 


System 


Metric System 


Pressure 


29.92" Hg = 


760 mm Hg 




14.696 psia = psi 


101.28 kPa 


Temperature 


69.8T 


21 °C 


Specific Volume 


1 3.33 ft 3 /lb. 


0.833 m 3 /kg 



31 .25 Heating Value of Fuels 

Fuels commonly used for heating purposes are coal, 
oil, gas, and wood. Burning these fuels in atmospheric 
air produces the heat needed. The heating value of coal 
is given in Figure 31-4. 

The commercial grades of heating oil have been es- 
tablished by the American Society for Testing and Ma- 
terials (ASTM). Grade numbers are 1 through 6, 
although No. 3 and No. 4 are used very little. The grade 
of heating oil may be determined with a special heating 
oil hydrometer. Grade No. 1 has a gravity of between 
45 and 38, as shown in Figure 31-5. The heating value 
of oil is also shown in this figure. 

The heating values of common fuel gases are shown 
in Figure 31-6. (The heating value of natural gas varies 
greatly, depending upon its composition.) 



Fuel 


Heat Released— Btu/lb. 


Coal: 

Bituminous 
Anthracite 


12,000 to 15,000 
13,000 to 14,000 



Figure 31-4. Heating value of coal. As noted, the 
heating value of coal varies considerably depending 
upon the moisture, sulfur content, and other impurities. 







A.P.I.** 


Average 


Commercial 




Gravity Range 


Weight 


Grade No. 


Btu/gal. 


ASTM + 


per Gallon 


1 


137,000 


45-38 


6.8 


2 


140,000 


40-30 


7.1 


3 


140,000' 






4 


141,000" 


32-12 


7.7 


5 


148,000 


20-8 


3.1 


6 


152,000 


18-6 


8.2 


*Not in common use 




"American Petroleum Institute rating 




f American Society for Testing and Materials 



Figure 31-5. Table of heating values of fuel oils. 
Numbers 5 and 6 are high viscosity oils and need 
preheating before use. 



Fuel 


Heat Released— Btu/ft 3 


Gas: 

Natural 

Manufactured 

LP (Liquid Petroleum) 


1000 to 1100* 

500 to 600 

2500 to 3200 


*Check with the local gas company 



Figure 31-6. Heating value of fuel gases. 



31.26 Single-Source Energy 

In some buildings, only a single source of energy — 
such as natural gas — is supplied. All other needed en- 
ergy 7 is generated in the building from this source. For 
example, gas-burning engines may be used to drive elec- 
tric generators. The waste heat from the cooling of the 
engines and the exhaust may be used for other purposes. 
It may be used for heating water, space heating, or as 
heat for industrial processes. Also, the heat from light- 
ing may be used in heating water or air. 



31.27 Thermodynamic Laws 

The First Law of Thermodynamics is a formula for 
converting heat into work or work into heat. 

Formula: 

778 ft-lb of work is equivalent to the heat energy 
of 1 Btu 



The Second Laiv of Thermodynamics states that 
heat will only flow from a body at a given temperature 
to another bodv which is at a lower temperature. 
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31.28 Heat Conductivity 



Heat Conductivity of Miscellaneous Substances 


Material 


k* 


R" 


Air 


0.175 


5.714 


Concrete wall 


8.00 


0.125 


Glass 


5.0 


0.2 


Lead 


243.0 


0.004 


Vacuum, high 


0.004 


250.0 


Heat Conductivity of Miscellaneous Insulating Materials 


Material 


Density lb./ft 3 


Conductivity 


R** 


Cork, granulated 


8.1 


0.34 


2.941 


Cork, granulated 


17.79 


0.428 


2.336 


impregnated with pitch 








Balsa 


7.05 


0.32 


3.125 


Felt 


16.9 


0.25 


4.0 


Glass wool (curled pyrex) 


4.0 


0.29 


3.448 


Kapok 


0.87 


0.24 


4.167 


Mineral (slag) wool, loose 


12.0 


0.26 


3.846 


packed 








Polyurethane 


1.5 


0.16 


6.25 


Rock wool (fibrous rock, 


6.0 


0.26 


3.846 


also felted) 








Rubber, cellular 


5.0 


0.37 


2.703 


Sawdust, pine 


18.76 


0.57 


1.754 


Straw fibers, pressed 


8.67 


0.32 


3.125 


Wood fibers (kingia 


8.4 


0.33 


3.03 


australis) 








Wool, pure 


4.99 


0.26 


3.846 


Heat Conductivity of Proprietary Materials 


Trade Name 




Density lb./ft 3 


k* 
Conductivity 


R" 


Armstrong corkboard 


7.3 


0.285 


3.509 


Celotex 


13.2 


0.31 


3.226 


Dry-Zero 


1.0 


0.24 


4.167 


Nu Wood 


15.0 


0.32 


3.125 


United 100% pure 


9.0 


0.27 


3.704 


corkboard 








U.S. mineral wool 


12.0 


0.26 


3.846 


Ferro-Therm metal sheet 


4 oz./ft 2 /sheet 


0.226 


4.425 


(4 sheets) 









Note: k' = Btuln./hr-ft^F 
R** = Reciprocal of k 
(Reprinted by permission of the American Society of Heating, 
Refrigerating, and Air-Conditioning Engineers, Atianta, Georgia.) 



31.29 Entropy 

Entropy is the heat available measured in Btu 
per pound degree change for a substance. Entropy 
calculations are made from generally accepted tem- 
perature bases. For heating and steam power using 
water as the medium, the accepted base is 32°F ((TO. 
For domestic and most commercial refrigeration cal- 
culations, the base is -40°F (-40°C). For research and 
very low-temperature work, a base of a lower tempera- 
ture may be selected. 



Entropy is generally used only in engineering cal- 
culations. Entropy tables have been worked out and are 
found in most engineering handbooks. 



31.30 Theory of Matter 

To understand electricity and electronics, you must 
know the properties of matter. All matter (material) is 
made up of molecules. A molecule is the smallest part 
of a substance that has all the properties of that sub- 
stance. All molecules are made up of atoms. A molecule 
may contain only one atom or many hundreds of atoms. 

Atoms are made mainly of electrons, neutrons, and 
protons. All the material in the universe is made from 
only about 110 different atoms (the chemical elements, 
such as copper, or silica, or hydrogen). The atoms of each 
element are identical, but are different from the atoms 
of any other element. Differences in the atoms depend 
on the number of electrons, protons, and neutrons in 
their composition. 

All substances have mass. Mass is determined by the 
amount of matter contained in a substance. The mass of a 
body, then, is determined by dividing the weight of the 
body by the acceleration due to gravity, 32.2 ft./sec/sec. 

The total of mass and energy is constant. Mass can 
be turned into energy Energy can be turned into mass. 
Tire relationship of mass and energy is described by 
Albert Einstein in the equation, E = MC 2 . (E = energy. 
M = mass. C = speed of light.) 



31.31 Electron Theory 

Most principles of construction and operation of 
electrical equipment are based on theories, such as the 
electron theory described in this section. These theories 
have come to be accepted principles of operation. 

As described in Section 31.30, all substances are 
made up of molecules. A molecule is the smallest part 
of a substance that has all the properties of that sub- 
stance. Molecules, in turn, are made up of atoms. Atoms 
consist of electrons, protons, and neutrons. Electrons 
have negative charges of electricity Protons have posi- 
tive charges of electricity. Neutrons have no charge — 
they are neither negative nor positive. 

In the lighter elements, the atom contains one pro- 
ton for each neutron. In the heavier elements, the atom 
contains more neutrons than protons. For example: 

• Helium = 2 protons, 2 neutrons 

• Boron = 5 protons, 5 neutrons 

• Mercury = 80 protons, 120 neutrons 

A proton and a neutron are equal in mass. Either 
one is about 1845 times as great in mass as the electron 
mass. For example, imagine that the outer electrons of 
a typical atom structure are in an orbit 200 yards in di- 
ameter. The nucleus in the center would be 1/2" in 
diameter. 
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31.32 The Atom 

An elementary drawing of an atom, Figure 31-7, 
looks like the solar system with a sun and planets. The 
electrons revolve around the atom's nucleus (center). The 
nucleus is made of protons and neutrons. 

The revolving electrons are of two types: 

• Free electrons. 

• Bound electrons. 

If an atom has free electrons, the atom can transfer 
or conduct electrical energy. See Figure 31-8. If an atom 
collects an electron charge for an instant, it is negatively 
charged. If the atom loses an electron, it becomes posi- 
tively charged. The electrons travel from atoms that have 
extra electrons to those with a lack of electrons. 

When the outer electrons of an atom interact with 
electrons of another atom, they combine to form a com- 
pound. In some compounds, each atom will retain all its 
electrons. In others, one or more outer atoms will be 
gained or lost as a result of the bonding. The nucleus 
does not enter into chemical or electrical processes. Dis- 
rupting the nucleus of an atom requires a vast amount 
of energy, such as in atomic bomb explosion. 

An atom entering a chemical change does so in the 
form of a charged particle called an ion. Ions are of two 
types, negative and positive, A negative ion is an atom 
that is negatively charged (has an extra electron). A posi- 
tive ion is an atom that is positively charged (lacks an 
electron). Like-charged ions repel. Unlike-charged ions 
attract. 



Free Electron — 



Electrons 




Electrons $ 
Protons O 
Neutrons O 

Figure 31-7. Makeup of an atom, showing electrons 
revolving around a nucleus made up of protons and 

neutrons. 




(~) Free Electrons 
Free Electron q pratons 

O Neutrons 

(^) Bound Electrons 

Figure 31-8. An atom with two free electrons and two 
bound electrons. 



31.33 The Electron 

In most atoms, the number of electrons equals the 
number of protons. See Figure 31-9. The negative 
charges equal the proton charges. The resulting (net) 
charge of the atom is zero if no chemical action or elec- 
trical flow is occurring. 

An external force applied to an atom may remove 
one or more of its outermost electrons. These removable 
electrons are commonly called "free" electrons. 

Two forces act on revolving electrons: 

• Centrifugal force. 

• Centripetal force. 

Centrifugal force tends to make electrons move 
awav from protons. Centripetal force tends to make elec- 
trons move toward protons. The electron orbit is a bal- 
ance of these two forces. 

The revolving electrons are attracted to the 
nucleus. Yet their travel speed keeps them a small 
distance from the nucleus by centrifugal force. The 
force trying to pull the electron into the center is called 
the negative electrical charge. (Negative sign is -.) The 
nucleus attraction is called the positive electrical 
charge. (Positive sign is +.) Based on this attraction, 
electricity is movement of the electrons (-) toward the 
nucleus (+). 

As noted earlier, electrons are negative charges of 
electricity. Figure 31-10 shows an atom including its 
nucleus. Protons are positive charges of electricity. If an 
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Free Electrons 

Q Protons 

Neutrons 

f} Bound Electrons 

Figure 31-9. A carbon atom with tour free electrons, 
two bound electrons and six protons. Since the negative 
charges (electrons) and positive charges (protons) are 
equal, the net charge of the atom is neutrai. The six 

neutrons have no electrical charge. 




Bound Electrons 
Free Electrons 

Nucleus (Protons 
and Neutrons) 



Figure 31 



10. An atom with a net positive charge. It 
has lost one of its free electrons, so that it has only 12 
negative charges, while there are 13 positively charged 
protons in its nucleus. 



atom collects an extra free electron for a moment, it is 
negatively charged. If an atom loses a free electron, it is 
positively charged. The electrons travel from atoms with 
extra electrons to atoms with a lack of electrons. 

The number of electrons that flow is extremely high. 
The term coulomb is used to represent the flow of 
6.24 X 10 18 or 6,240,000,000,000,000,000 electrons. One 
coulomb flowing for one second equals one ampere. The 
ampere is known as the quantity of electricity. 

If there are too many protons, and electrons move 
to make up the difference, this movement or pressure to 
move is called electromotive force. Electric current con- 
sists of electrons traveling in a conductor. A conductor 
may be a solid, a liquid, or a gas. 



31.34 Electrical Units and Symbols 



Electrical Engineering Units and Constants 




(As adopted by NBS) 




Symbols and Units 








Unit 


Quantity 


Symbol 


Unit 


Abbreviation 


charge 


O 


coulomb 


C 


current 


/ 


ampere 


A 


voltage, 


V 


volt 


V 


potential 








difference 








electromotive 




volt 


V 


force 








resistance 


n 


ohm 


0. 


conductance 


G 


mho (Siemens) 


A/V, or mho (S) 


reactance 


X 


ohm 


Q 


susceptance 


B 


mho 


A/V, or mho 


impedance 


Z 


ohm 


0. 


admittance 


Y 


mho 


A/V, or mho 


capacitance 


C 


farad 


F 


inductance 


L 


henry 


H 


energy, work 


W 


joule 


J 


power 


P 


watt 


W 


resistivity 


P 


ohm-meler 


n_ m 


conductivity 


cr 


mho per meter 


mho/m 


electric 


D 


coulomb per sq. 


C/m E 


displacement 




meter 




electric field 


E 


volt per meter 


V/m 


strength 








permissivity 


£ 


farad per meter 


F/m 


(absolute) 








relative 




(numeric) 




permissivity 








magnetic flux 


<f> 


weber 


Wb 


magnetomotive 


:t 


ampere (ampere 


A 


force 




turn) 




reluctance 


m 


ampere per weber 


A/Wb 


permeance 


if 


weber per ampere 


Wb/A 


magnetic flux 


B 


tesla 


T 


density 








magnetic field 


H 


ampere per meter 


A/m 


strength 








permeability 


J* 


henry per meter 


H/m 


(absolute) 









Continued. 
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Electrical Engineering Units and Constants 
(As adopted by NBS) 


Symbols and Units 








Unit 


Quantity 


Symbol 


Unit 


Abbreviation 


relative 
permeability 


fV 


(numeric) 




length 


L 


meter 


m 


mass 


m 


kilogram 


kg 


time 


f 


second 


s 


frequency 
angular 

frequency 


f 


hertz 

radian per second 


Hz 

rad/s 


force 


F 


newton 


N 


pressure 


P 


newton per 
square meter 


N/m 2 


temperature 
(absolute) 

temperature 
(international) 


T 
t 


Kelvin 
degree Celsius 


K 
°C 



Recommended Unit Prefixes 



Multiples and 
submultiples 



Prefixes 



10 12 
10 9 

10 

10 3 

10 2 

10 

10" 1 

10" 2 

10" 3 

1CT B 

10" 9 

10' 12 

10 -15 

10" le 



tera 

giga 

mega 
kilo 

hecto 

deka 

deci 

centi 

milli 

micro 

nano 

pico 

femto 

atto 



Symbols 



T 
G 

M 

k 

h 

da 

d 

c 

m 

n 



Pronunciation 



ter'a 
ji'ga 

meg 'a 

kil'o 

hek'to 

dek'a 

des'i 

sen'ti 

mil'i 

mi'kro 

nan'o 

pe'ko 

fern 'to 

at'o 



Defined Values and Conversion Factors 



Meter 1 650 763.73 wavelengths of the 

transition 2p 10 - 5d s in 8e Kr 

Kilogram mass of the international kilogram 

Second 1/31 556 925.974 7 of the tropical 

year 1900 

Kelvin In the thermodynamic scale, 273.16 

K = triple point of water (1p, 
273,15 K = °C) 
Unified atomic mass 1/12 the mass of an atom of the 12 C 

unit, u nuclide 

Standard acceleration 9.806.65 m s' 2 , 980.665 cm s' 2 

of free fall 

Normal atmosphere 101.325 N-m" 2 , 1 013 250 

dyne-cm -2 

Thermochemical calorie 4.1840 J. 4.1840 x 10 7 erg 

Int. Steam Table calorie 4.1868 J. 4.1868 x 10 7 erg 

Liter 0.001 000 028 m 3 , 100.028 cm 3 

Inch 0.0254 m, 2.54 cm 

Pound (avdp) 0.453 592 37 kg, 453.592 37 g 



31.35 Motor Size Calculations 

Horsepower of a motor required to drive a refrig- 
eration compressor can be calculated. The usual method 
uses the mean effective pressure (MEP) in the cylinder. 
This is the pressure that is bearing down on the piston 
head and which must be overcome by the electric mo- 
tor when driving the compressor. The MEP is deter- 
mined by a formula. Basic variables of the formula are 
the low-side pressure, the high-side pressure, and the ra- 
tio of the specific heat at constant pressure to the spe- 
cific heat at constant volume Cp/Cv = K (for the kind 
of refrigerant). 



Formula: 



K 




E* -1 



MEP = P, x g 

Pi = suction pressure, psia 
P 2 = condenser pressure, psia 
K = C p /C v 

This value is multiplied by the area of the piston, 
by the length of the stroke, and by the rpm. The result 
will give the foot-pounds per minute needed to drive the 
compressor. 

Formula: 

ttD 2 
Ft.-lb. per min. = MEP X -— ■ X S X N X R 

D = piston diameter 
S = stroke in inches 
N = number of cylinders 
R = rpm 

Convert the foot-pound per min. into lip by divid- 
ing by 33,000: 

hp = ft.-lb. /min./ 33,000 

The MEP may be determined from the above. It 
may also be determined by obtaining the indicator card 
of the compressor being studied. Engineers' handbooks 
set forth the methods of obtaining and using indicator 
cards. 

Example: 

The indicator card shows an MEP of 30 lb. /in 2 . The 
indicator hp necessary to drive a one cylinder compres- 
sor with a 2" bore and a 2" stroke, running at 200 rpm, 
would be as follows: 

hp = 30 psi X area X stroke X rpm /33,000 

The dimensions must be in foot-pounds = pres- 
sure X area X stroke. The resistance is the length of the 
compression stroke X rpm. The horsepower is: 

30 psi X — X J- X 200 
r 4 12 

33,000 
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30 X irD 


2 X 2 X 200 


30 X -tt4 X 2 X 200 


4 X 33,000 X 12 


4 X 33,000 x 12 


77X200 


77 




6600 


33 




= .0952 or 


approximately 


0.10 hp. 



This is the theoretical hp. It neglects friction, oil pump- 
ing, starting load, and drive losses. Up to a 1-ton ma- 
chine, this should be doubled. For example, 1/4 hp, 
calculated, will need a 1/2 hp motor. Up to 5 tons, this 
ratio gradually tapers off until adding 30% at 5 tons' ca- 
pacity will take into consideration the above losses. The 
reason for the decrease is that some of the losses remain 
constant, while others do not increase as rapidly in pro- 
portion to the increase in the size of the unit. 



31.36 Lowering Voltage Saves Power 

During power shortages, some utilities reduce the 
voltage supplied to the customer. This may result in 
some power savings. The largest savings will come from 
noninductive loads, such as lighting, resistance heating, 
and electric cooking. In these appliances, a reduction in 
voltage applied causes some drop in current flow rate. 
Electrical power is equal toVxC-EXl = W. There- 
fore, if both the voltage and current are reduced, the 
E X I will result in the reduction in the amount of power 
used. 

With inductive loads, there will not be as great sav- 
ings. If the voltage is dropped, the current required will 
automatically increase. Therefore, power consumed 
(Ex I = W) will be affected very little. If "E" goes down 
and "I" goes up, the power required will be affected very 
little. This means there will be very little savings accrued 
in the operation of such appliances as refrigerators, air 
conditioners, and ventilating equipment during a power 
shortage. If motor speed is reduced, there will be some 
savings. 



31.37 Resistances of Conductors, 
Semiconductors, and 
Nonconductors 

The resistance value of conductors, semiconductors, 
and nonconductors (insulators), measured in ohms, var- 
ies from very large to very small numbers. This would 
require working with long numbers and long decimal 
numbers. Therefore, the usual practice is to use the sig- 
nificant number multiplied by a power of 10. 



10 3 means 10 X 10 x 10 = 1000 
10 2 means 10 X 10 = 100 

10 1 means 10 

10° means 1 



For decimals, a negative power of 10 (-10) is used: 

10" 1 means 0.1 

10~ 2 means 0.1 X 0.1 = 0.01 

10 3 means 0.1 X 0.1 X 0.1 = 0.001 

The following table lists the approximate resistance 
of conductors, semiconductors, and nonconductors. The 
resistance is in ohms per centimeter of length. 

For conductors, the resistance in ohms usually 
varies from: 

0.000001 = 10" 6 

0.00001 = 10 -5 

0.0001 = 10" 4 

0.001 = 10" 3 

For semiconductors, the resistance in ohms usually 
varies from: 

1 =10° 
10 = 10 1 

100 = 10 2 

1000 = 10 3 

10,000 = 10 4 

100,000 = 10 5 

1,000,000 = 10 fi 

For nonconductors, the resistance in ohms usually 
varies within the range of 10 9 to 10 18 . 



31.38 Color Code for Resistors 

The color bands on a resistor, as shown in Figure 
31-11, indicate its resistance value. The first band (A) is 
the first digit of the resistance value. The second band 



Color Code for Resistors 






mm 



B 



D 



A— First Significant Figure 
B — Second Significant Figure 
C — Multiplier 
D ■ — Tolerance (%) 



Color 


Band A & B 


BandC 


Band D 


Black 





1 




Brown 


1 


10 




Red 


2 


100 




Orange 


3 


1,000 




Yellow 


4 


10,000 




Green 


5 


100.000 




Blue 


6 


1 ,000,000 




Violet 


7 






Gray 


8 






White 


9 






Silver 




0.01 


±10 


Gold 




0.1 


±5 


No color 






±20 



Figure 31-11. Color coding indicates a specific resistor 

value. 
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(B) is the second digit of the resistance value. The third 
band (C) is the multiplier, and the fourth band (D) de- 
termines the tolerance. 

A resistor that is color-coded orange, blue, red, and 
gold would have a resistance value of 36 X 100 = 3600 
ohms. Since the fourth band is gold, the tolerance would 
be 5%. A 5% tolerance means the actual resistance can 
be between 3420 and 3780 ohms. 



31.39 Resistance in Series and Parallel 
Circuits 

The total resistance of resistances in series is the 
sum of the separate resistances. Total resistance of a par- 
allel circuit is always less than any individual resistor 
or branch resistance. It can be computed by adding the 
reciprocals of each resistance. The reciprocal of that sum 
is equal to the total resistance. Refer to Figure 31-12. 





R. = 8 ohms 

R 2 = 10 ohms 
R 3 =20 ohms 

R 4 = 40 ohms 
Total Resistance, R T 



jl + _l + _l + _l 



1 



1/8 + 1/10 + 1/20 + 1/40 
1 



1 



5/40 + 4/40 + 2/40 
: 3.33 ohms 



1/40 12/40 



— = 3.33 ohms 
.3 



Figure 31-12. Resistances in parallel and how their 
values are computed. 



31.40 Electrical Codes 

The National Electrical Code (United States) and the 
Canadian Electrical Code each deal with specifications 
related to electrical circuits used in refrigerating and air 
conditioning. In addition, most local communities have 
codes dealing with these circuits. 

A service technician should have available both na- 
tional and local codes. In most cases, refrigeration ser- 
vice technicians do not install electrical circuits. You 
should, however, be familiar with the codes. This en- 
ables you to know whether the supply circuit is prop- 
erly installed and safe to use. 



31.41 Root Mean Square (rms) Values 

The root mean square (rms) values of voltage and 
current are used to calculate power in a circuit when the 
current and voltage are not in phase. In this calculation, 
a mean voltage and mean current are used. 

To find the root mean square value of a quantity 
that varies over a cycle, use the following steps: 

1. Find the instantaneous values of the current and 
voltage and square them. 

2. Find the mean over one cycle of the square of the 
instantaneous values. 

3. Find the square root of this value. 

This gives the rms (root mean square) value. 

The calculation can be done two ways: with the cur- 
rents in phase, or with the currents not in phase. 

If currents are in phase and vary as a sine curve 
(Figure 31-13), then the rms current (IJ is: 

2 



T = T X 



-V= = I— x 0.707 



If the voltage varies as a sine curve, then the rms 
voltage is: 

V rm , = V ma „ X 0.707 

The average power is then: 

F=L,X V 



rms 

= (I max X 0.707) X (V mAK X 0.707) 
P = 0.5 x L 



V 

x tticix max 



If currents are not in phase, but vary as sine curves, 
much of the previous calculation is still useful. 

U» =W,x 0.707 
V rms = V max X 0.707 

The average power is: 

P = Ul X V ™ S X COS 

The term "cos 8" is the cosine of the phase angle 
between the current and voltage. The phase angle, 8, can 
be determined with an oscilloscope. 
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The dual-trace oscilloscope or oscillograph is best 
to use. However, the phase angle can be determined 
on a single-trace oscilloscope. With a dual-trace oscil- 
loscope, just note the amount of shift from right to 
left of the two traces. The shift can be from 0° to 90°. 
(Ignore negative shifts like "-70°".) Two wave traces on 
top of each other give a 0° shift. Two waves with a zero 
of one above a maximum of the other give 90°. Other 
amounts are in between as counted on the grid lines of 
the oscilloscope. 



1 max 




1 max 



Figure 31-1 3. 

circuit. 



The sine curve represents the current in a 



31.42 Galvanic Action Sequence 

Certain materials produce electricity by chemical 
action. This is known as galvanic action. Some materi- 
als are much more active than others. Magnesium is one 
of the most active and platinum is one of the least 
active. 

The corrosion of materials (usually metals) is often 
due to galvanic action. There is rapid deterioradon at the 
place where galvanic acdon is occurring. Joints where 
two unlike galvanic materials touch should be electri- 
cally insulated from one another. This will minimize gal- 
vanic action. 

Figure 31-14 lists the galvanic acdon sequence for a 
series of common materials. The items listed at the top 
are the most active and most likely to corrode. In gal- 
vanic action, these materials become an anode-positive. 
The items at the end of the list are least likely to cor- 
rode. Tn galvanic action, these become a cathode- 
negative. 



Most 

Active 

Metals 



I 



Least 

Active 

Metals 



Magnesium 

Magnesium Alloys 

Zinc 

Aluminum 2S 

Cadmium 

Aluminum 17ST 

Steel or Iron 

Cast iron 

18-8 Stainless Steel 

Lead-Tin Solders 

Lead 

Tin 

Nickel 

Brass 

Copper 

Bronze 

Silver Solder 

Silver 

Graphite 

Gold 

Platinum 



Figure 31-14. 

used metals. 



Galvanic action sequence for commonly 



31.43 Electrolysis 

Electrolysis is the movement through a substance 
of dc (direct current) electricity that causes chemical 
change in the substance or its container. Electrolysis can 
be used for producing useful results such as storage bat- 
tery operation and electropladng. 

However, it can also cause severe damage. When- 
ever there are two electrical conductors and moisture, dc 
electricity will flow if the conductors are of different ac- 
tivity levels. As the dc electricity flow continues (elec- 
trons from - to +), one of the conductors will become 
coated with a new chemical. The other will have mate- 
rial removed (leaving pits and holes). The pitted and 
"eaten away" areas are called corrosion areas. To avoid 
electrolytic corrosion, remove the moisture, seal off (in- 
sulate) the conductors, or use conductors of the same ac- 
tivity level. 



31.44 Moisture-Holding Properties 
of Air 

The moisture-holding capacity of ah depends upon 
its temperature. The warmer the temperature, the greater 
the amount of moisture it will hold. Figure 31-15 shows 
a table of moisture-holding properties of air. Figure 
31-16 shows the saturation pressure and the heat in the 
liquid. It also shows the total heat after vaporization for 
mixtures of air and water vapor. 





Moisture and Air Relationships 

ASHRAE has adopted pounds of moisture per pound of dry air as standard nomenclature. Relation of other units 










am pyprBfisfiri helow at various flew point rem per enures. 




' 


Equiv. 

Dew PI. 


Lb H £ 0/ 
lb. dry air 


Parts per 

million 


Grains/ 
lb. dry air a 


Percent 
Moisture 


Equiv. 
Dew Pt. 

°F 


Lb H a O/ 

lb. dry air 


Parts per 

million 


Grains/ 
lb. dry air 3 


Percent 
Moisture % b 


-100 


0.000001 


1 


0.0007 


— 





0.0008 


787 


5.51 


5.0 


-90 


0.000002 


2 


0.0016 


— 


10 


0.0013 


1 315 


9.20 


8.3 


-80 


0.000005 


5 


0.0035 


— 


20 


0.0022 


2 152 


15.1 


13.6 


-70 


0.00001 


10 


0.073 


0.06 


30 


0.0032 


3 154 


24.2 


21.8 


-60 


0.00002 


21 


0.148 


0.13 


40 


0.0052 


5 213 


36.5 


33.0 


-50 


0.00004 


42 


0.291 


0.26 


50 


0.0077 


7 658 


53.6 


48.4 


-40 


0.00008 


79 


0.555 


0.5 


60 


0.0111 


11 080 


77.6 


70.2 


-30 


0.00015 


146 


1.02 


0.9 


70 


0.0158 


15 820 


110.7 


100.0 


-20 


0,00026 


263 


1.84 


1.7 


80 


0.0223 


22 330 


156.3 




-10 


0.00046 


461 


3.22 


2.90.0 


90 


0.0312 


31 180 


218.3 


— 












100 


0,0432 


43 190 


302.3 




a 7000 gr 


ains = 1 lb 



















b Compared to 70°F saturated 

Normally the sensible heat factor determines the dm required to accept a load. In some industrial applications, the latent heat factor may 
control the air circulation rate. 

Latent heat, Btu/h 
Thus cfm = 



(W 1 - W 2 ) X 4840 



Figure 31-15. Moisture-holding properties of air. (Numbers, 1985, Altadena, CA, by Bill Holladay and Cy Otterholm) 





Ice, Water, Water Vapor 




Dry Air 






| 




Total Heat 




I 




Amount of 








after Vapor- 


Vol. of 




Specific 


Water Vapor 


Temp. 
F. 


Sat. Press. 


Heat in Liquid 


ization 


Water Vapor 


Volume 


Heat 


Saturate 


inHg. 


Btu/lb. 


Btu/lb. 


cu.ft./lb. 


cu.ft./lb. 


Btu/lb. 


Grains 


-40 


3.790 x 10" 3 


-177.1 


1043.4 


1.343 X 10 s 


10.567 


-9.61 


.5508 


-30 


7.503 x 10- 3 


-172.7 


1047.8 


7.441 X 10 4 


10.820 


-7.21 


1.018 


-20 


1.259 x 10- 2 


-168.2 


1052.3 


4.237 x 10 4 


11.073 


-4.81 


1.830 


-10 


2.203 X 10" 2 


-163.6 


1056.7 


2.475 X 10 4 


11.326 


-2.40 


3.206 





3.764 X 10- 2 


-159.0 


1061.1 


1,481 X 10 4 


11.579 


0.00 


5.480 


10 


6.286 x 10" 2 


-154.2 


1065.5 


9060 


11.832 


2.40 


9.161 


20 


.1027 


-149.4 


1069.9 


5662 


12.085 


4.81 


14.99 


30 


.1645 


-144.4 


1074.3 


3608 


12.338 


7.21 


24.07 


32 


.1803 


-143.4 


1075.2 


3305 


12.389 


7.69 


26.40 


35 


.2034 


0.0 


1076.5 


2948 


12.464 


8.41 


29.80 


40 


,2477 


8.0 


1078.7 


2445 


12.591 


9.61 


36.34 


45 


.3002 


13.1 


1080.9 


2037 


12.717 


10.82 


44.14 


50 


.3624 


18.1 


1083.1 


1704 


12.844 


12.02 


53.40 


55 


4356 


23.1 


1085.2 


1431 


12.970 


13.22 


64.36 


60 


5216 


28.1 


1087.4 


1207 


13.096 


14.42 


77.29 


65 


.6221 


33.1 


1089.6 


1022 


13.223 


15.62 


92.51 


70 


7392 


38.1 


1091.8 


868.0 


13.349 


16.83 


110.4 


72 


.7911 


40.1 


1092.6 


814.0 


13.399 


17.31 


118.4 


75 


.8751 


43.1 


1093.9 


740.0 


1 3.475 


18.03 


131.3 


80 


1 .0323 


48.1 


1096.1 


633.0 


13.602 


19.23 


155.8 


85 


1 2136 


53.1 


1098.3 


543.3 


13.738 


20.43 


184.4 


90 


1.4219 


58.0 


1100.4 


467.9 


13.854 


21.64 


217.6 


95 


1 6607 


63.0 


1102.6 


404.2 


13.981 


22.84 


256.4 


100 


1 .9334 


68,0 


1104.7 


350.2 


14.107 


24.04 


301.5 


120 


3.4477 


88.0 


1113.3 


203.2 


14.612 


28.85 


569.0 


140 


5.8842 


108.0 


1121.7 


123,0 


15.117 


33.67 


1071. 


160 


9.6556 


128.0 


1129.9 


77.27 


15.622 


38.48 


2090. 


180 


15 295 


148.0 


1137.9 


50.22 


16.128 


43,30 


4598. 


200 


23.468 


168.1 


1145.8 


33.64 


16.632 


48.12 


1 6052. 


212 


29.921 


180.1 


1150.4 


26.80 


16.900 


50.00 





Figure 31 -1 6. Air-water vapor values. Properties of a mixture of air and water vapor for various temperatures from 
-40°F to 21 2° F (-40°C to 100°Q are shown. Note large volume occupied by 1 lb. of water vapor at the tower 
temperature. 
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31 .45 Evaporation Sources 



Operation 


Pounds of Moisture 
per Day 


Bathing: 


0.1 to 5 


Clothes: 

Drying— average family— unvented 
Washing— average family 


26.0 

4.0 


Cooking: 

Breakfast 

Lunch 
Dinner 


0.9 
1,2 
2.7 


Dishwashing: 

Breakfast and lunch 
Dinner 


0.2 
0.7 


Humans: 

Average 


0.4 


Mopping: 

Per 100 ft 2 


3.0 



31.46 Desiccants 

Desiccants are used in driers installed in refrigera- 
tor liquid lines and /or suction lines. They collect and re- 
move moisture (water) from the system. Some common 
desiccants are: 

• Activated alumina. 

• Alumina gel. 

• Calcium sulfate. 

• Molecular sieve. 

• Silica gel. 

Most driers will remove moisture, sediment, and 
acids from the circulating refrigerant. They are usually 
placed in the liquid line close to the refrigerant control 
valve. Driers should always be located in a cool place in 
the line. This is done because heat may cause moisture 
to leave the desiccant and continue to circulate. Liquid 
line driers are usually installed permanently. They are 
replaced only when they lose their effectiveness. 

Following a burnout, a large-capacity drier is usu- 
ally placed in the suction line. Suction line driers should 
be removed as soon as the cleanup is completed. Driers 
that have been used hi a refrigeration system should not 
be reactivated by heating. 



31 .47 Psychrometric Chart Formula 

Psychrometric charts do not give relative humidity 
for dry bulb temperatures below about 20°F (-7°C). A 
formula can be used. A formula also is useful if a chart 
is unavailable. 

Formula: 



RH is the relative humidity in percent. T D is the dry 
bulb temperature in °F. T w is the wet bulb temperature 
in °F. The symbol e refers to the exponential function. 
The exponential function is taken to the power repre- 
sented by the number above the symbol (The function 
e is the usual one used where 2.71828 is the value of e.) 

The formula for grains of water per pound of dry 
air is as follows: 



Formula: 

grain 

lb. 



0.09065RHe3sil6 



RH = lOOe 



\ 28,116 ) 



17.4935(T D - T w )e zstie 



31.48 Boyle's Law 

Boyle's Law expresses a very interesting relation- 
ship between the pressure and volume of a gas. It is 
stated as follows: 

"The volume of a gas varies inversely as the pressure, 
provided the temperature remains constant," 

This means that if a quantity of gas has its pressure 
doubled, the volume will become half of what it origi- 
nally was. Or, if the volume is doubled, the gas pres- 
sure will be reduced by half. If a perfect gas is 
considered, Boyle's Law may be expressed as a formula. 

Formula: 

Pressure X Volume = A constant number. 

Assuming this to be true, when either the pressure 
or the volume is changed, the corresponding pressure 
or volume will be changed in the opposite direction. 
Therefore: 

Formula: 

Old Pressure X Old Volume 

= New Pressure X New Volume 

Expressed in letter form: 

Po X Vo = Pn X Vn 

Po = Old Absolute Pressure 

Pn = New Absolute Pressure 

Vo = Old Volume 

Vn = New Volume 

Note: This formula will be true only if the pressures are 
expressed as absolute (psia). 

Example: 

5 ft 3 of gas at 20 psi is compressed to 60 psi. The 
temperature remains constant. What will be the new 
volume? 

For calculation purposes, atmospheric pressure 
= 15 psi, 

Po x Vo = Pn X Vn 

Po = 20 psi + atmospheric pressure 

= (20 + 15) = 35 psia (absolute pressure) 
Pn = 60 psi + atmospheric pressure = 
(60 + 15) = 75 psia 
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Po X Vo = Pn X Vn, substituting the preceding val- 
ues in this formula: 

35 x 5 = 75 X Vn or 35 X 5/75 = Vn 

Vn = 35/15 

Vn = 2.33 ft 3 at 60 psi 

In the metric system, volume is meters cubed (m 3 ). 

Pressure is in newtons per meter squared 

= N/m 2 = 1 pascal = 1 Pa. 
Atmospheric pressure = 101 kPa 
One bar = atmospheric pressure 
1 bar = 100 000 Pa = W Pa 

Be careful to use the same volume units and pres- 
sure units in the same problem. 



31.49 Charles' Law 



Example: 

5 ft 3 of gas at 37°F (3 5 C) is raised to 90°F (32°C) at 
constant pressure. What is the new volume? 

Solution: 

Vo X Tn = Vn x To 

5 x (90 + 460) = Vn X (37 + 460) 

5 X 550 = Vn X 497 

5 X 550/497 = 2750/497 = Vn 

Vn = 5.53 ft 3 

In the metric system: 

• The volume will be in meters cubed (m 3 ). 

• The pressures will be in newtons per square meter 
(N/m 2 ), or pascals (Pa). 

1 N/m z = 1 Pa 



Gases behave consistently with temperature 
changes. This is stated in Charles' Law: 

"At a constant, pressure the volume of a confined gas var- 
ies directly as the absolute temperature. At a constant volume, 
the pressure varies directly as the absolute temperature." 

Absolute pressures and absolute temperatures must 
always be used in the equations. 

Formula: 

At Constant Volume 

Old Absolute Pressure (Po) 

X New Absolute Temperature (Tn) 
= New Absolute Pressure (Pn) 

X Old Absolute Temperature (To). 
Po x Tn = Pn X To 

Example: 

What is the pressure of a quantity of confined gas 
when raised to 60°F (16°C) if its original pressure was 
35 psig and temperature 40°F (4°C), at a constant 
volume? 

Solution: 

(Note that absolute temperatures and pressure must 
be used.) 

Po X Tn = Pn X To 

Po = (35 + 15) = 50 

Tn = (60 + 460) = 520 

To = (40 + 460) = 500 

„ „ Tn 

Pn = Po X — 

To 

Pn = 50 X 520/500 = 52 psia 

Pn = 52 - 15 = 37 psig 

Formula: 

At Constant Pressure 

Old Volume (Vo) 

X New Absolute Temperature (Tn) 
= New Volume (Vn) 
x Old Absolute Temperature (To). 
Vo X Tn = Vn X To 



31.50 Gas Law 

Boyle's Law and Charles' Law may be combined to 
solve true gas problems. 

Formula: 

Po X Vo/To = Pn X Vn/Tn 

To = Old Absolute Temperature 

Tn = New Absolute Temperature 

Po, Vo, and To represent original conditions 

Pn, Vn, and Tn represent new conditions 

Absolute values for temperature and pressure must 
be used in this equation. 

Example: 

2 ft 3 of gas at 15 psi and 140°F is stored in a 4 ft 3 
container at 30 psi. What is the new temperature? 

Formula: 

Po X Vo/To = Pn X Vn/Tn 
Po = (15 + 15) - 30 
Pn = (30 + 15) = 45 
Vo = 2 
Vn = 4 

To = (140 + 460) - 600 
Tn = Pn X Vn X To/Po X Vo 
Tn = 45 X 4 X 600/30 x 2 = 108,000/60 = 
1800 R. (F A .) 
= 1800 - 460 = 1340°F 

In the metric system, the same formula is used but 
the units are different: 

• The volume is in cubic meters (m 3 ). 

• The pressure is in newtons per square meter 
(N/m 2 ) or pascals (Pa). 
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31.51 Adiabatic Expansion and 
Contraction of a Gas 

When the term "adiabatic" is used, it refers to a 
natural process in a gas. The adiabatic process or prop- 
erty allows the gas to be expanded or contracted (com- 
pressed) without absorbing heat from outside or without 
transferring heat out of the gas. 

Adiabatic expansion and compression of gases 
would occur if the gas were placed in a perfectly insu- 
lated cylinder with a frictionless piston. Heat could not 
enter the gas during expansion nor escape during com- 
pression. 

During adiabatic compression and expansion of 
ideal gases, the work performed (compression and ex- 
pansion) is obtained from the gas. Heat is generated when 
work is done on a gas as it is adiabatically compressed. 
The heat generated is not lost. It increases the tempera- 
ture and therefore the pressure of the confined gas. Dur- 
ing expansion, the pressure and temperature of the ideal 
gas decreases. 



31.52 Isothermal Expansion and 
Contraction of a Gas 

An isothermal condition exists when the expansion 
or contraction of a gas occurs without a temperature 
change. (See Boyle's Law, Section 31,48.) This condition 
can occur either during the expansion or the compres- 
sion of a gas. 

During expansion, the gas is cooled. Heat needed 
to keep the gas at a constant temperature must come 
from an outside source. Heat so obtained must exactly 
equal that given up by the gas during its expansion. This 
is necessary to keep the temperature constant. 

A similar condition must exist during the isother- 
mal compression of a gas. Heat must be removed in an 
amount equal to the heat energy of compression. This is 
necessary in order to maintain a constant temperature. 
Whether the compressor is air-cooled or water-cooled, 
heat removed must equal the heat input from the work 
of compressing the gas. 

Gas compression and expansion operations cannot 
occur without a change in the confined gas temperature. 
If the action results in raising the confined gas tempera- 
ture, it is called exothermal If the action results in low- 
ering the confined gas temperature, it is called 
endothermal. 



31.53 Gas and Vapor 

A true gas exists as a gas at standard temperatures 
and pressures. Vapor is the gaseous state of a substance 
that is a liquid at standard atmospheric pressures and 
temperatures (such as water). However, vapor is also the 



term applied to refrigerants in the gaseous state inside 
the refrigerating system. 



31.54 Refrigerant Properties 

Several refrigerant tables and pressure-heat en- 
thalpy diagrams are given in this section. Most of the 
physical properties of refrigerants may be found in these 
tables and charts. 

Refrigerants are assigned a refrigerant ("R") num- 
ber designation by the American Society of Heating, Re- 
frigerating, and Air-Conditioning Engineers (ASHRAE). 
The number designation is based on the composition of 
the refrigerant. See Figure 31-17 for a summary of this 
numbering system. 



Series 


Refrigerant Classification 


-000 


Methane-based compounds 


-100 


Ethane-based compounds 


-200 


Propane-based compounds 


-300 


Cyclic organic compounds 


-400 


Zeotropes 


-500 


Azeot ropes 


-600 


Organic compounds 


-700 


Inorganic compounds 


-1000 


Unsaturated organic compounds 



Figure 31-17, Series numbering system used for 
determining refrigerant identification numbers. (American 
Society of Heating, Refrigerating, and Air-Conditioning 
Engineers, ASHRAE Standard 34 -1 992) 

31.55 Characteristics of Little-Used 
Refrigerants 

Chapter 9 describes the characteristics and uses of 
the more popular refrigerants. Some refrigerants which 
were in common use at one time, but are now encoun- 
tered much less frequently, are listed below. Various 
properties of these and other less-common refrigerants 
are given in Figure 31-18. Their physical properties and 
uses as refrigerants also are explained in the ASHRAE 
Handbook of Fundamentals. 



Number 


Chemical Name 


Formula 


R-13 


Chlorotrifluoromethane 


CCIF 3 


R-13B1 


Bromotrifluoromethane 


CBrF 3 


R-21 


Dichlorofluoromethane 


CHCl,F 


R-30 


Methylene Chloride 


Or^O^ 


R-40 


Methyl Chloride 


CH 3 CI 


R-113 


Trich I o rot rif l u o roeth ane 


CCI 2 FCCIF 2 


R-114 


Dichlorotetrafluoroethane 


CCIF 2 CC!F 2 


R-160 


Ethyl Chloride 


C 2 H 5 CI 


R-290 


Propane 


C 3 H S 


R-600 


Butane 


C 4 H 10 


R-744 


Carbon Dioxide 


co 2 


R-764 


Sulfur Dioxide 


S0 2 
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31 .56 Metric Pressure-Heat Diagrams 

With increased use of the SI Metric system, metric 
pressure-heat diagrams for refrigerants are being used 
more extensively. 

The metric system pressure-heat diagram for R-134a 
is shown in Figure 31-19. Figure 31-20 shows the metric 
system pressure-heat diagram for R-123. 

Note that the enthalpy is given in kj/kg (kilojoules 
per kilogram). The pressure is given in MPa (megapas- 
cals). 

For the U.S. conventional unit pressure-heat dia- 
grams for R-134a and R-123, see Chapter 9. 



31 .57 Moisture in Liquid Refrigerants 

Moisture is soluble in most liquid refrigerants. More 
moisture may be safely present in some refrigerants than 
in others. 

The amount of the allowable moisture varies with 
the temperature. Figure 31-21 shows the solubility level 
in water for some of the commonly used and alterna- 
tive refrigerants. In low-temperature applications, a very 
small amount of moisture may cause trouble. 



31.58 Dryness of Refrigerants 

Any gas that is holding water in the vapor state 
will, when cooled, reach a temperature at which free 
moisture (liquid water) will appear. The greater the con- 
centration of water vapor in the gas, the higher the tem- 
perature at which free water will condense out. 

This freeing of moisture is readily shown by frost 
on cold lines. It is shown as beads of water on glasses 
of cold liquids. In the refrigeration system, it is shown 
by ice in the expansion valve orifice. Free water must 
be present in a refrigerating system before ice can be 
formed. 

The highest temperature at which free water is lib- 
erated, on cooling, is called the dew point. There is only 
one dew point temperature for a given moisture concen- 
tration in a gas such as air or a refrigerant vapor. The 
dew point determines the lowest temperature at which 
the refrigerant control will operate satisfactorily. 

The dew point should be 10°F (6°C) lower than the 
low-side refrigerant temperatures. This will prevent the 
formation of sludges and plating. A refrigerant dew 
point of 5°F (3°C) lower than the low-side refrigerant 
temperature will prevent refrigerant control freezeup. 



31.59 Refrigerant Oils 

Requirements for a satisfactory refrigerant oil are 
rather severe. It must provide good lubricating qualities. 
The viscosity must be correct for the refrigerant and 



the machine in which it is used. The oil must be free of 
moisture. 

The viscosity of a refrigerant oil is measured using 
the Saybolt Universal Viscosity Test. A Saybolt viscom- 
eter should be used. In this instrument, oil at 100°F 
(38°C) is allowed to flow through the standard Saybolt 
orifice. The time required in seconds for 60 cm 3 of the 
oil to flow through this orifice is recorded. 

The amount of moisture in refrigerant oil may be 
measured by its resistance to the flow of a current of elec- 
tricity through it. This is known as its dielectric prop- 
erty. A good refrigerant oil should have a minimum 
dielectric value of 25,000 V. 

Another test that may be given to refrigerant oil is 
known as the floe test. This test applies to oils that are 
used with completely miscible (mixable) refrigerants. 
(Examples of these refrigerants are R-ll, R-12, and R-22.) 
The test is conducted by mixing 10% refrigerant with 
90% oil. The mixture is sealed in a glass tube. Then it is 
cooled slowly until a flocculent (cloudy) precipitate of 
wax appears. The maximum temperature at which this 
occurs is recorded as the floe point. 

The viscosity of oil changes with the temperature. 
Oils at very low temperatures may not pour and may 
become a plastic solid. The temperature at which oil will 
just flow is called the pour point. This temperature is re- 
corded either in Fahrenheit or Celsius. 

The flash point of an oil may be determined as fol- 
lows. A quantity of the oil is heated slowly in an open 
container. A thermometer is used to determine the tem- 
perature of the oil. A lighted candle or other flame is 
brought to the oil's surface as it is heated. The tempera- 
hire at which the vapors from the oil surface burn or 
flash is the oil's flash point. 

Refrigerant oils sometimes include a very small 
amount of antifoam inhibitor to reduce foaming. Com- 
pressor parts are sometimes given a phosphating treat- 
ment to improve lubrication. Tricresyl phosphate has also 
been added to refrigerant oils to improve lubrication. 

Some of the newer replacement refrigerants require 
a different type of oil. Mineral oil-based lubricants can- 
not be used. Lubricants designed for these refrigerants 
include polyol ester, alkyl benzene, and polyalkylene 

glycol. 

Testing procedures for the new lubricants are die 
same as for the mineral oil. The floe point test as de- 
scribed above can easily be used. The synthetic refriger- 
ant compression lubricating oils are soluble with the 
refrigerants. They are compatible with all varieties of 
materials, including metals, wire coa rings, etc. 



31 .60 Eutectic (Phase-Change) 
Materials 

Proprietary compounds are available that provide 
an active thermal energy source to maintain a specified 
temperature range. {Proprietary means made and sold 
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Pressure 



(MPa) 







a 

CD 



LU 



Figure 31-19. Pressure-heat diagram for R-134a, expressed in metric units. (Prepared by Center for Applied 
Thermodynamic Studies,, University of Idaho. Copyright 1992 American Society of Heating, Refrigerating, and 

Air-Conditioning Engineers) 
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Pressure 



(MPa) 




Figure 31-20. Pressure-heat diagram for R- 123 expressed in metric units. (Prepared by Center tor Applied 
Thermodynamic Studies, University of Idaho. Copyright 1992 American Society ot Heating, Refrigerating, and 
Air-Conditioning Engineers) 
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Temp. 



160 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 



-10 

-20 

-30 

-40 

-50 

-60 

-70 

-80 

-90 

-100 



Solubility, ppm by weight 



R-11 



460 

400 

340 

290 

240 

200 

168 

140 

113 

90 

70 

55 

44 

34 

26 

20 

15 

11 

8 

6 

4 

3 

2 

1 

0.8 
0.5 
0.3 



R-12 



700 
560 
440 
350 
270 
210 
165 
128 
98 
76 
58 
44 
32 
23.3 
16.6 
11.8 
8.3 
5.7 
3.8 
2.5 
1.7 
1.1 
0.7 
0.4 
0.3 
0.1 
0.1 



R-13 



R-22 



44 



26 



14 



R-11 3 



4100 

3600 

3150 

2750 

2400 

2100 

1800 

1580 

1350 

1140 

970 

830 

690 

573 

472 

384 

308 

244 

195 

152 

120 

91 

68 

50 

37 

27 

19 



460 
400 

344 

290 

240 

200 

168 

140 

113 

90 

70 

55 

44 

34 

26 

20 

15 

11 

8 

6 



R-114 



450 
380 

320 

270 

220 

180 

148 

120 

95 

74 

57 

44 

33 

25 

18 

13 

10 

7 

5 

3 

2 

1.5 
1 

0.6 
0.4 
0.2 
0.1 



R-123 



2600 

2300 

2000 

1800 

1600 

1400 

1200 

1000 

900 

770 

660 

560 

470 

400 

330 

270 

220 

180 

140 

110 

90 

70 

53 

40 

30 

22 

16 



R-134a 



4200 

3600 

3200 

2800 

2400 

2000 

1800 

1500 

1300 

1100 

880 

730 

600 

490 

390 

320 

250 

200 

150 

120 

89 

66 

49 

35 

25 

18 

12 



R-502 



1780 

1580 

1400 

1220 

1080 

930 

810 

690 

580 

490 

400 

335 

278 

225 

180 

146 

115 

90 

69 

53 

40 

30 

22 

16 

11 

8 

5 



Data on R-134a adapted from Thrasher era/. (1993) and Alliied-Signal 

Corporation. 

Data on R-123 adapted from Thrasher etal. (1993) and DuPont Company. 

Remaining data adapted from DuPont Company and Allied-Signal 

Corporation. Used by permission. 

Figure 31 -21 . Solubility level in water in commonly 
used and alternative refrigerants, (Reprinted by 
permission of the American Society of Heating, 
Refrigerating, and Air-Conditioning Engineers, Atlanta, 
CA, from the 1994 ASHRAE Handbook— Refrigeration) 

by only one firm.) This process is called thermal energy 
storage (TES). It is created by the heat of fusion or heat 
of crystallization. 

These compounds absorb or release heat with little 
or no temperature change while changing physical state. 
The melting of ice is an example. In the process of cool- 
ing water, 1 Btu of heat is removed to lower the temper- 
ature of 1 pound of water 1 degree. This is true down to 
the freezing tempera ture. At the freezing temperature, 
144 Btu/ lb. must be removed to freeze 1 pound of water. 
The temperature remains constant until the water is 
frozen. 

A separate compound or mixture is needed for dif- 
ferent temperature ranges. Figure 31-22 lists some sub- 
stances that may be used to maintain various tempera- 
tures. 

Heat is absorbed or released by the compound as it 
changes state. For low temperatures, the heat of fusion is 
used. For high temperatures, the heat of crystallization 
is used. 



Characteristics of Thermal Energy 




Storage Compounds 




Melting 


Heat of 


TES 


Temperature 


Fusion 


Material 


F 


C 


Btu/lb. 


Trans-Temp 1 2* 


12 


-11 


115 


N-Dodecane 


10 


-12 


47 


Ethylene Glycol 


9 


-13 


63 


Trans-Temp 27* 


27 


-3 


142 


H 2 


32 





144 


Trans-Temp 40* 


40 


4 


75 


N -Tetrad ecane 


42 


6 


98 


Trans-Temp 65* 


65 


18 


80 


N-Hexadecane 


62 


17 


102 


Acetic Acid 


62 


17 


80 


Trans-Temp 130* 


130 


54 


72 


Parafiin Wax 


130 


54 


63 


Tristearin 


133 


56 


82 


Dry Ice 


-109 


-78 


241 



Figure 31-22. Characteristics of some eutectic thermal 
energy storage (TES) materials. 



Eutectic compounds used in eutectic plates, 
Chapter 13, contain substances to prevent expansion on 
freezing. Freezing might otherwise rupture the contain- 
ers. They also contain substances to reduce oxidation of 
the container materials. Useful life of the containers is 
thus extended. 



31 .61 Cryogenic Temperatures 

The cryogenic temperature range extends from 
-250°F to absolute zero (-460°F). See Figure 1-26. The 
cryogenic range may also be expressed as follows: 

-250°F to -460°F 

21CTR to 0°R 

-157°C to -273°C 

116 K to K 

where F = Fahrenheit, R ■- 

K = Kelvin 



Rankine, C = Celsius, and 



Low-carbon steel should not be used for piping or 
pressure parts in cryogenic applications. Tire metal 
becomes very brittle when cold. Some nickel and /or 
some chromium improves the properties of steel at very 
low temperature. 



31 .62 Brine Freezing Temperatures 

A brine is water mixed with a substance that will go 
into solution with the water. A brine will provide a fluid 
which can readily flow at temperatures below 32°F 
(0°C). See Figure 31-23. 

Brines are of several types: 

• Alcohol brines are usually made from ethyl alcohol. 
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Freezing Temperature °F and X 



Brine 
Specific Gravity 



Alcohol (Formula No. 1) 
Specific Gravity at 60°F 

Calcium Chloride 
Specific Gravity at 60° F 
Percent of Chemical 

Sodium Chloride 
Usable Only Down to 0°F 
Specific Gravity at 60"F 
Percent of Chemical 

Ethylene Glycol 
Specific Gravity at 6Q°F 
Percent of Chemical 



20 (-7°C) 



10(-12'=C) 



1.090 
10 



1.072 
10 



1.05 
32 



.9691 



1.140 
17 



1.118 
16 



1.07 
40 



0(-18°C) 



.9592 



1.175 
20.5 



1.158 
21 



1.075 
43 



-10(-23°C) 



.9486 



1.201 
23 



1.08 
45 



-20' (-29°C) 



.9345 



1,227 
25 



-30 (-34 : C) -40 (-40°C) 



1.09 
50 



Figure 31-23. Table of properties for various brines. 



1.254 

27 



1.265 
28 



1.096 
53 



1.105 
57 



* Salt brines are usually made with sodium chloride 
and/ or calcium chloride. The eutectic point for a so- 
dium chloride (common salt) solution is -6°F 
(-21°C). For calcium chloride, it is 60°F (-51°C). 

• Glycol brines with noncorrosive properties are usu- 
ally made from glycerin, ethylene glycol, and /or 
propylene glycol. 

A hydrometer can measure the density of a brine 
solution. Hie freezing temperature may be worked out 
from the hydrometer reading. 

This is the same as measuring to determine the 
freezing temperature of cooling solution in automobile 
radiators. If the hydrometer reading indicates the solu- 
tion freezing temperature is too high, it may be lowered. 
This is done by adding more of the antifreeze compound 
to the solution. Note that with alcohol brine, the density 
decreases with the lowering of the freezing temperature. 
This is because alcohol is lighter than water. A hydro- 
meter with an alcohol testing scale must be used. 



31.63 Twist Drill Sizes 

Sizes of twist drills may be given in fractions of an 
inch, decimals, numbers, or letters. Metric drill sizes are 
indicated in millimeters and decimals of a millimeter. 
You will use mostly fractional, number, and letter drills. 
If much tapping and threading is necessary, drills will 
be used from each of these categories. 

Fractional-drill sizes start at 1/16". They increase by 
1/64" through the required range. Decimal-size drills are 
mostly used in manufacturing, hardly ever by a service 
technician. Number-size drills are marked from 1 
through 80. The range extends from .0135" up to less 
than 1/4". A table of numbered drills is shown in 
Figure 31-24. 

Letter-drill sizes extend from A through Z (roughly 
from 1 /4" through .413"). Letter-drill sizes are shown in 
Figure 31-25. Tap drill sizes are shown in Figure 2-66. 



Decimal Sizes of Numbered Drills 




Size of 




Size of 




Size of 




Size of 




Drill In 




Drill In 




Drill In 




Drill In 


No. 


Inches 


No. 


Inches 


No. 


Inches 


No. 


Inches 


1 


.2280 


21 


.1590 


41 


.0960 


61 


.0390 


2 


.2210 


22 


.1570 


42 


.0935 


62 


.0380 


3 


.2130 


23 


.1540 


43 


.0890 


63 


.0370 


4 


.2090 


24 


.1520 


44 


.0860 


64 


.0360 


5 


.2055 


25 


.1495 


45 


.0820 


65 


.0350 


6 


.2040 


26 


.1470 


46 


.0810 


66 


.0330 


7 


.2010 


27 


.1440 


47 


.0785 


67 


.0320 


8 


.1990 


28 


.1405 


48 


.0760 


68 


.0310 


9 


.1960 


29 


.1360 


49 


.0730 


69 


.0292 


10 


.1935 


30 


.1285 


50 


.0700 


70 


.0280 


11 


.1910 


31 


.1200 


51 


.0670 


71 


.0260 


12 


.1890 


32 


.1160 


52 


.0635 


72 


.0250 


13 


.1850 


33 


.1130 


53 


.0595 


73 


.0240 


14 


.1820 


34 


.1110 


54 


.0550 


74 


.0225 


15 


.1800 


35 


.1100 


55 


.0520 


75 


.0210 


16 


.1770 


36 


.1065 


56 


.0465 


76 


.0200 


17 


.1730 


37 


.1040 


57 


.0430 


77 


.0180 


18 


.1695 


38 


.1015 


58 


.0420 


78 


.0160 


19 


.1660 


39 


.0995 


59 


.0410 


79 


.0145 


20 


.1610 


40 


,0980 


60 


.0400 


80 


.0135 



Figure 31 -24. Number-size twist drills. 





Decimal Sizes of Lettered Drills 




Dia. 




Dia. 




Dia. 


Letter 


In. 


Letter 


In. 


Letter 


In. 


A 


0.234 


J 


0.277 


S 


0.348 


B 


0.238 


K 


0.281 


T 


0,358 


C 


0.242 


L 


0.290 


U 


0.368 


D 


0.246 


M 


0.295 


V 


0.377 


E 


0.250 


N 


0.302 


W 


0.386 


F 


0.257 


O 


0.316 


X 


0.397 


G 


0.261 


P 


0.323 


Y 


0.404 


H 


0.266 


Q 


0.332 


Z 


0.413 


I 


0.272 


R 


0.339 







Figure 31-25. Letter-size twist drills. 



1138 



Modern Refrigeration and Air Conditioning 



Tube Size 
O.D. 


Wrench Size 
Across Flats 




Old 


New 


1/4 in. 


3/4 in. 


5/8 in. 


3/8 in. 


7/8 in. 


13/16 in. 


1/2 in. 


1 in. 


15/16 in. 



Figure 31-26. A table of flare nut wrench sizes. 



31 .64 Piping Color Codes 



Use 


Color 


Firs protection equipment 


Red 




Safe material 


Green (or, if needed, white, 
aluminum) 


gray or 


Protective material 


Bright blue 




Extra-valuable material 


Deep purple 




Dangerous material 


Yellow or orange 





31 .65 Solders and Brazing Metals 

The following table lists some common solder al- 
loys used in refrigeration work: 



Solder 


Melting 
Point (°F) 


Flow 
Point (°F) 


Shear 
Strength (psi) 


50-50 Tin -Lead 


358 


414 


83.4 


95-5 Tin-Antimony 
Silver Solder 


450 


465 


327.0 


45 Ag, 15 Cu. 
24 Cd, 16 Zn 


1120 


1145 


8340 


Phosphorous-Copper 


1310 


1650 


8340 



31.66 Flare Nut Wrench Sizes 

A table of flare nut wrench sizes is shown in 
Figure 31-26. Old and new wrench sizes across the flats 
of the flare nut are given. Tubing size is based on out- 
side diameter (OD). 



31.67 Solvents and Cleaning 

Parts may become coated with lubricating oils or 
grease as a result of use or repair operations. They may 
also become coated with oxides, dirt, metallic particles, 
or abrasives. Many methods may be used successfully 



to clean these parts. Lubricants or greases made from 
animal or vegetable oils or fats — such as tallow, lard oil, 
palm oil, or olive oil — can usually be removed by sa- 
ponification. (Saponification is the process of making a 
soap of the oil or fat.) Parts are soaked in an alkaline 
solution. The oils react with the alkali to form water- 
soluble soap compounds. 

Mineral oils which cannot be made into a soap so- 
lution — such as kerosene, machine oil, cylinder oil, and 
general lubricating oils — are usually cleaned by an emul- 
sification process. Soaps, wetting agents, and dispersing 
agents are used. (Emulsification means to disperse a liq- 
uid, such as oil, in another liquid. The oil does not dis- 
solve but is suspended in the liquid and makes it thick.) 

Dirt, abrasives, metal dust, and inert materials 
are also generally removed by one or both of these 
processes. 

Solvent cleaning is used for removing most of the 
oils from coated pieces. They are immersed (dipped) in 
a solvent, such as mineral spirits. Solvent tanks should 
have safety lids and should be hooded and vented. 

Vapor cleaning is also used to remove oils. Parts are 
held in a container where solvent vapors can condense 
on them. The condensed solvent washes away the oily 
coating, leaving surfaces dry and nearly clean. 

Production degreasing machines have two or three 
compartments. The work is immersed in the first com- 
partment containing a boiling solution of the solvent. It 
is then dipped into the second section, which contains 
clean cold solvent. Finally, it is hung m the third section. 
There, only clean solvent vapors condense on and wash 
over the work. The degreasing unit is self-purifying. Oils 
and waste gather at the bottom of the third section. 

Job shop cleaning uses the third section only. Sol- 
vents should be those approved under the Occupational 
Safety and Health Act (OSHA). Venting is extremely im- 
portant for safety to the operator. 

Alkaline cleaning baths are used primarily to re- 
move oils, greases, solid dirt particles, and metal par- 
ticles. The parts are immersed in hot alkaline solutions. 
The chemicals saponify vegetable and animal oils and 
fats. They emulsify mineral oils and greases, and sus- 
pend the solid material. 

The combination of heat, active chemicals, and agi- 
tation (shaking) are important. Soap is either added or 
is formed by the saponification of vegetable or animal 
fats. Caustic soda, soda ash, and causticized soda are the 
cheapest and most direct methods of producing alkalin- 
ity in the bath. Such materials, however, have less sur- 
face activity (as a general rule) than more complex 
materials. Sodium metasilicate, trisodium phosphate, 
and similar salts are often used to obtain alkalinity in a 
solution. 

A number of proprietary preparations are used for 
emulsion cleaning. They consist of an emulsification 
agent which disperses organic solvents in water solu- 
tions, Emulsifiabie cleaners are miscible (able to mix) 
with oils and can be washed off with water. However, a 
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film of oil may remain on the work. This makes subse- 
quent alkali cleaning necessary and results in added 
expense. 

Alkaline materials are used in electrolytic cleaning. 
The bath is maintained at a temperature as near boiling 
as possible without causing heavy tarnishing. The gas 
that is evolved lifts off the soil, making a clean surface 
for subsequent operations. The work to be cleaned is 
usually made the cathode. There are many formulas 
available for this type of cleaning. The one used depends 
upon the materials to be cleaned and the degree of tar- 
nish permissible. In many cases, unusual results can be 
obtained by switching polarity several times during 
cleaning. This is particularly true for carbon steel or cast 
iron. 



31.68 Clean Rooms 

Absolute control of temperature, humidity air 
cleanliness, and air chemistry is necessary in many labo- 
ratories. Such rooms are called clean rooms. The aero- 
space industry and computer chip manufacturers are 
primary users of clean room technology 

Some assembly operations must also be conducted 
in clean rooms. Dust particles must not be allowed to 
enter mechanisms during assembly. Even those particles 
too small to be seen (in the 20-50 microns range) may 
interfere with the operation of very complex devices. See 
Chapter 23 for information on air cleaning. 



31.69 Review of Safety 



A safety code for mechanical refrigeration is spon- 
sored by the American Society of Heating, Refrigerating, 
and Air-Conditioning Engineers (ASHRAE), This code has 
been developed according to rules and regulations of the 
American National Standards Institute. Copies are avail- 
able from ASHRAE. 

Many safety regulations and controls are provided by 
the Occupational Safety and Health Act. It includes regu- 
lations for the installation, operation, and service of re- 
frigerating and air conditioning mechanisms. 

Threshold Limit Values have been determined for 
certain substances. These are substances that may be 
toxic under certain conditions and lengths of exposure. 
These Threshold Limit Values were published by the 
American Conference of Governmental Industrial Hy- 
gienists. The threshold values for some of these sub- 
stances for an eight-hour exposure time are shown in the 
following table. 



Substance 


ppm 


Acetone 


1000 


Ammonia 


50 


Carbon dioxide 


5000 


Carbon monoxide 


too 


Carbon tetrachioride-Skin 


10 


Chlorine 


1 


Dichlorodifluoromethane 


1000 


Dichloromonofluoromethane 


1000 


Ethyl ether 


400 


Fluorine 


0.1 


Gasoline 


500 


Methyl acetylene 


1000 


Methy! alcohol (methanol) 


200 


Methyl chloride 


100 


Ozone 


0.1 


Sulfur dioxide 
| Xylene (xylol) 


5 


200 



DICTIONARY OF 
TECHNICAL TERMS 




The following pages comprise a complete dictionary of the most frequently used technical terms in the heating, venti- 
lating, and air conditioning industry. These brief explanations will help your understanding of many terms used 
throughout the textbook. 



Absolute humidity: Amount of moisture in the air, 

indicated in grains per ft 3 . 
Absolute pressure: Gauge pressure plus atmospheric 

pressure (14.7 psi). 
Absolute temperature: Temperature measured from 

absolute zero. 
Absolute zero temperature: Temperature at which all 

molecular motion ceases (-460°F and -273°C). 
Absorbent: The ability to soak up another substance. 
Absorber: A solution or surface that is capable of soaking 

up (taking in) another substance or energy form. 
Absorption: The process of taking or soaking up into a 

substance. 
Absorption chiller: A chiller that uses a brine solution and 

water to provide refrigeration without the aid of a 

compressor. 
Absorption refrigerator: Refrigerator that creates low 

temperatures by using the cooling effect formed when 

a refrigerant is absorbed by chemical substance. 
Accessible hermetic: Assembly of motor and compressor 

inside a single bolted housing unit. 
Accumulator; Storage tank that receives liquid refrigerant 

from the evaporator and prevents it from flowing into 

the suction line before vaporizing. 
Acid condition in system: Condition in which refrigerant 

or oil in system is mixed with acidic fluids. 
ACR tubing: Tubing used in air conditioning and refriger- 
ation. Ends are sealed to keep tubing clean and dry. 
Activated alumina: A chemical that is a form of durninum 

oxide. It is used as a drier or desiccant. 
Activated carbon: Specially processed carbon used as a 

filter-drier; commonly used to clean air. 
Active solar heating system: A system in which solar 

energy is absorbed in a collector, stored, and distrib- 
uted by an auxiliary circulating system. 



Actuator: That portion of a regulating valve that converts 
mechanical fluid, thermal energy, or electrical energy 
into mechanical motion to open or close valve seats. 

Adiabatic compression: Compressing refrigerant gas 
without removing or adding heat. 

Adsorbent: Substance with the property to hold molecules 
of fluids without causing a chemical or physical change. 

Adsorption: The adhesion of a thin layer of molecules of a 
gas or liquid to a solid object. 

Aeration: Act of combining a substance with air. 

Agitator: Device used to cause motion in confined fluid. 

Air: An invisible, odorless, and tasteless mixture of gases 
that surrounds the earth. 

Air break: An inverted opening placed in the chimney of 
a gas furnace to prevent back pressure from outside 
wind from reaching the furnace flame or pilot. 

Air cleaner: Device used for removal of airborne impurities. 

Air coil: Coil on some types of heat pumps used either as 
an evaporator or a condenser. 

Air conditioner: Device used to control temperature, 
humidity, cleanliness, and movement of air in condi- 
tioned space. 

Air conditioning: Control of the temperature, humidity, 
air movement, and cleaning of air in a confined space. 

Air cooler: Mechanism designed to lower temperature of 
air passing through it. 

Air core solenoid: A solenoid that has a hollow core 
instead of a solid core. 

Air curtain: A system in which a blower is activated 
when a door is opened to blow across the open area, 
preventing the transfer of air between outdoors and 
indoors. 

Air defrosting: Evaporator defrosting that occurs as evapo- 
rator warms when the compressor is not running. 

Air diffuser: Air distribution outlet or grille designed to 
direct airflow into desired patterns. 
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Air gap: The space between magnetic poles or between rotat- 
ing and stationary assemblies in a motor or generator. 
Air handler: Fan-blower, heat transfer coil, filter, and 
housing parts of a system. 

Air vent: Valve used to remove air from the highest point 
of a coil or piping assembly. 

Air washer: Device used to clean air while changing its 
humidity. 

Air-cooled condenser: Heat of compression is transferred 
from condensing coils to surrounding air. This may be 
done either by convection or by a fan or blower. 

Airtight: Sealed to prevent the passage of gas. 

Air-to-air heat pump: A heat pump that uses outdoor air, 
as opposed to a geothermal heat pump. 

Alcohol brine: Water and alcohol solution that remains a 
liquid below 32 D F(0°C). 

Algae: Low form of plant life, found floating free in water. 

Allen wrench: Hexagonal (6-point) tip used to fit socket 
head screws or setscrews. 

Allen-type screw: Screw with recessed, hex-shaped head. 

Alternating current (ac): Electric current in which direc- 
tion of flow alternates (reverses). In 60-cycle (Hertz) 
current, direction of flow reverses every 1/ 120th of a 
second. 

Altitude: The height at a point above a reference level, sea 
level, or the earth's surface. 

Ambient compensator: An electronic device that provides 
a small amount of heat to the refrigeration compart- 
ment to ensure that the machinery continues to cycle 
when ambient temperatures are low. 

Ambient temperature: Temperature of a fluid (usually air) 
that surrounds an object, 

American Standard Pipe Thread: Type of screw thread 
commonly used on pipe and fittings to ensure a tight 
seal. 

Ammeter: Electric meter used to measure current. 

Ammonia: Chemical combination of nitrogen and hydro- 
gen (NH 3 ). Ammonia refrigerant is identified as R-717. 

Amperage: Electron or current flow past a given point in a 
circuit. 

Ampere: Unit of electric current equivalent to flow of one 
coulomb per second. 

Ampere-turns: Term used to measure magnetic force. 
Represents product of amperes times number of turns 
in coil of electromagnet. 

Amplifier: Electrical device that increases electron flow in 
a circuit. 

Anemometer: Instrument for measuring the rate of airflow. 

Angle valve: Type of globe valve design, having pipe 
openings at right angles to each other. Usually, one 
opening is in the horizontal plane and one is in the 
vertical plane. 

Annealing: Cooling a metal slowly from a high tempera- 
hire to make the metal soft. 

Annual Fuel Utilization Efficiency (AFUE) rating: A 
rating system for furnaces that compares energy input 
and energy output. 

Anode; Positive terminal of electrolytic cell. 



Anticipator: A device used with a start-stop control to 

reduce the control differential. 
Arcing: Band of sparks formed when an electrical discharge 
from a conductor jumps to another conductor. 

ARI: Air-Conditioning and Refrigeration Institute. 

Armature: Part of an electric motor, generator, or other 
device moved by magnetism. 

Articulated connection rods: Short connecting rods in a 
compressor. 

ASA: Formerly, abbreviation for American Standards 
Association. Now known as American National 
Standards Institute (ANSI). 

Asbestos: Strong, fire-resistant, cancer-causing silicate. 

ASME Boiler Code: Standard specifications issued by the 
American Society of Mechanical Engineers for the 
construction of boilers and pressure vessels. 

Aspect ratio: Ratio of length to width of a rectangular air 
grille or duct. 

Aspirating psychrometer: Device that draws a sample of 
air through it to measure the humidity. 

Aspiration: Movement produced by suction. 

ASTM Standards: Standards issued by the American 
Society for Testing and Materials. 

Atmospheric Dust Spot Efficiency: Measurement of a 
device's ability to remove atmospheric air from test air. 

Atmospheric pressure: Pressure that gases in air exert 
upon the earth (14.7 psi). 

Atom: Smallest unit of an element that can exist alone or 
in combination. 

Atomize: Process of changing a liquid to minute particles 
or a fine spray. 

Auger: Device with a helical shaft that, when rotated, can 
be used to move material. 

Automatic control: Valve action reached through self- 
operated or self-actuated means, not requiring manual 
adjustment. 

Automatic defrost: System of removing ice and frost from 
evaporators automatically. 

Automatic expansion valve (AEV): Pressure-controlled 
valve that reduces high-pressure liquid refrigerant to 
low-pressure liquid refrigerant. 

Automatic ice cube maker: Refrigerating mechanism 
designed to automatically produce ice cubes in quantity. 

Autotransformer: Transformer in which both primary and 
secondary coils have turns in common. Step-up or 
step-down of voltage is accomplished by taps on 
common winding. 

Auxiliary evaporator: Small evaporator consisting of coils 
of tinned tubing below the shelves in a display case. 

Azeotropic mixture: A liquid mixture having constant 
maximum and minimum boiling points. Refrigerants 
comprising the azeotropic mixture do not combine chemi- 
cally, yet the mixture provides constant characteristics. 



B 

Back pressure: Pressure in low side of refrigerating systems; 
also called suction pressure or low-side pressure. 
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Back seating: Fluid opening/closing such as a gauge 

opening; to seat the joint where the valve stem goes 

through the valve body. 
Bacteria: A form of unicellular microorganisms. 
Baffle: Plate or vane used to direct movement of a fluid 

within a confined area. 
Balance point: The point at which the heating capacity of 

a heat pump is equal to the heat losses of the structure 

it is heating. 
Ball valve: A check valve that uses a ball to permit flow in 

one direction only. 
Bar: Unit of pressure. One bar equals .9869 atmosphere 

(approximately one atmosphere, 14.51 psi). 
Barometer: Instrument for measuring atmospheric pressure. 
Bath: Liquid solution used for cleaning, plating, or 

maintaining a specified temperature. 
Battery: Electricity-producing cells that use interaction of 

metals and chemicals to create electrical current flow. 
Baudelot cooler: Heat exchanger in which water flows by 

gravity over the outside of tubes or plates. 
Bearing: Low-friction device for supporting and aligning 

a moving part. 
Bellows: Corrugated cylindrical container that moves as 

pressures change, or provides a seal during movement 

of parts. 
Bellows seal: Method of sealing the valve stem. The ends of 

the sealing material are fastened to the bonnet and to the 

stem. Seal expands and contracts with the stem level. 
Belt: A rubber-like, continuous loop placed between two 

or more pulleys to transfer rotary motion. 
Bending spring: Coil spring that is placed on inside or 

outside of tubing to keep it from collapsing while 

bending. 
Bernoulli's Theorem: In stream of liquid, the sum of eleva- 
tion head, pressure head, and velocity remains 

constant along any line of flow, provided no work is 

done by or upon liquid on course of its flow; decreases 

in proportion to energy lost in flow. 
Bimetal strip: Temperature regulating or indicating 

device that works on the principle that two dissimilar 

metals with unequal expansion rates, welded together, 

will bend as temperatures change, 
Bioaerosals: Airborne microorganisms derived from 

viruses, bacteria, fungi, protozoa, mites, and pollen. 
Blast freezer: Low-temperature evaporator that uses a fan 

to force air over the evaporator surface. 
Bleed valve: Valve with small opening inside that permits 

a rrurirmvun fluid flow when valve is closed. 
Bleeding: Slowly reducing the pressure of liquid or gas 

from a system by opening a valve slightly 
Blend: A mixture of various refrigerants. 
Blown: With respect to fuses, a fuse that has been melted, 

breaking the electric circuit and preventing overload. 
Boiler: Closed container in which a liquid may be heated 

and vaporized. 
Boiler, high-pressure: A boiler operating with water 

temperature and water pressure above low-pressure 

boiler ratings. 



Boiler, low-pressure: A boiler operating with up to 250°F 

(121°C) water temperature and 160 psi water pressure 

or less. 
Boiler horsepower: Seldom-used term equivalent to a 

heating capacity of 33,475 Btu/hr. (9804 watts). 
Boiling point: The temperature of a liquid at which it 

changes to a gas under a pressure of 14.7 psia (101.3 kPa). 
Boiling temperature: Temperature at which a fluid 

changes from a liquid to a gas. 
Bonnet: In a furnace, the sheet metal chamber where heat 

collects before being distributed. 
Booster: Common term applied to the use of a compres- 
sor as the first stage in a cascade refrigerating system. 
Bore: Diameter of a hole. Inside diameter of a cylinder. 
Bourdon tube: Thin-walled tube of elastic metal flattened 

and bent into a circular shape that tends to straighten as 

inside pressure is increased. Used in pressure gauges. 
Boyle's Law: Law of Physics: The volume and pressure of 

a gas vary inversely if the temperature remains the 

same. Example: If the pressure is doubled on a quantity 

of gas, its volume is reduced one-half. If the volume is 

doubled, gas has its pressure reduced by one-half. 
Brazing: Method of joining metals with nonferrous 

(without iron) filler using heat between 800°F (427°C) 

and the melting point of base metals. 
Breaker strip: Strip of wood or plastic used to cover the 

joint between the outside case and inside liner of the 

refrigerator. 
Breeching: Space in hot water or steam boilers between 

the end of the tubing and the jacket. 
Brine: Water saturated with a chemical such as salt. 
British thermal unit (Btu): Quantity of heat required to 

raise temperature of one pound of water one degree 

Fahrenheit. 
Building Related Illness (BRI): An illness caused by an 

airborne virus in a building. 
Built-up terminal: Electrical terminal attached to a 

compressor dome. 
Bulb, sensitive: Part of sealed fluid device that reacts to 

temperature. Used to measure temperature or to 

control a mechanism. 
Bunker: Space where ice or cooling element is placed in 

commercial installations. 
Burner: Device in which burning of fuel takes place. 
Butane: Liquid hydrocarbon (QH 10 ) commonly used as 

fuel for heating purposes. 
Bypass: Passage around a regular passage. 
Bypass cycle: A cycle using a bypass line with either hot 

gas or liquid used to defrost an evaporator or for low 

pressure control. 



Cabinet: The housing of a refrigerator. 

Cabinet volume: The volume of the interior cabinet 

dimensions. 
Catcium sulfate: Chemical compound (CaS0 4 ) that is 

used as a drying agent or desiccant in liquid line driers. 
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Calibrate: Position indicators to determine accurate 

measurements. 
Callback; A service call to repair a problem that had been 

improperly repaired. 
Calorie: Two different calorie units are used by scientists. The 

calorie used by medical science is a small heat unit. It 

equals the heat required to raise the temperature of one 

gram of water one degree Celsius (C). The calorie used by 

engineering science is a larger heat unit (see Kilocalorie). 
Calorimeter: Device used to measure quantities of heat or 

determine specific heats. 
Cam: Oblong mechanical component that produces a 

reciprocating motion when rotated. 
Capacitance (C): Property of a nonconductor (condenser 

or capacitor) that permits storage of electrical energy in 

an electrostatic field. 
Capacitive reactance: The opposition, or resistance, to an 

alternating current as a result of capacitance; expressed 

in ohms. 
Capacitor: Electrical storage device used to start and run 

circuits on many electric motors. 
Capacitor-start motor: A motor with a capacitor in the 

starting circuit. 
Capacity: Refrigeration rating system. Usually measured 

in Bru per hour or watts. 
Capillary tube system: A refrigerant control system in 

which pressure difference is maintained through the 

use of a thin capillary tube. 
Carbon dioxide (CO^: Compound of carbon and oxygen 

that is sometimes used as a refrigerant. Refrigerant 

number is R-744. 
Carbon dioxide indicator: Instrument used to indicate the 

percentage of carbon dioxide in stack gases. 
Carbon filter: Air filter using activated carbon as an air 

cleansing agent. 
Carbon monoxide (CO): Colorless, odorless, and poison- 
ous gas produced when carbon fuels are burned with 

too little air. 
Carbon tetrachloride (CCl^: Colorless, nonflammable, 

and toxic liquid used as a solvent. 
Carrene: Refrigerant in Group Al (R-ll). Chemical combi- 
nation of carbon, chlorine, and fluorine. 
Cascade systems: Arrangement in which two or more 

refrigerating systems are used in series; uses evapora- 
tor of one machine to cool condenser of other machine. 

Produces ultra-low temperatures. 
Cathode: Negative terminal of an electrical device. 

Electrons leave at this terminal. 
Cavitation: Localized gaseous condition within a liquid 

stream. 
Celsius temperature scale: Temperature scale used in 

metric system. Freezing point of water is 0°C, boiling 

point is 100°C. 
Centigrade temperature scale: See Celsius temperature scale. 
Centimeter: Metric unit of linear measurement, equal to 

0.3937". 
Central air conditioning: A system capable of providing 
heating, cooling, humidifying, and dehumidifying. 



Central station: Central location of condensing unit with 
either wet or air-cooled condenser. Evaporator located 
as needed and connected to the central condensing unit. 
Centralized computer control: Energy control device, 
centrally located, that makes control decisions based on 
operating data, programmed information, and stored 
data. Can be used to optimize energy consumption of 
many devices throughout a building. 
Centrifugal compressor: Pump that compresses gaseous 

refrigerants by centrifugal force. 
Centrifugal force: Force that pushes a rotating object away 

from the center of its rotation. 
Centrifugal switch: An electrical switch that is opened 

and closed by centrifugal force. 
Ceramic ignitor: Electric ignition system used in a water 
glycol solution, forced-air furnace. Electrically heated 
to create ignition of the gas-air mixture in the combus- 
tion chamber. 
Change of state: Condition in which a substance changes 

from one state (solid, liquid, or gas) to another. 

Charge: Amount of refrigerant placed in a refrigerating unit. 

Charging board: Specially designed panel or cabinet 

fitted with gauges, valves, and refrigerant cylinders 

used for charging refrigerant and oil info refrigerating 

mechanisms. 

Charles' haw: A law stating, that at a constant pressure, mass 

and temperature of a gas are inversely proportional. 
Check valve: Device which permits fluid flow in only one 

direction. 
Chemical refrigeration: System of cooling using a dispos- 
able refrigerant. Also called expendable refrigerant system. 
Chill factor: Calculated number, based on temperature 

and wind velocity, that indicates chill effect. 
Chiller: Air conditioning system that circulates chilled 

water to various cooling coils in an installation. 
Chimney: Vertical shaft enclosing one or more flues for 

carrying flue gases to the outside atmosphere. 
Chimney connector: Conduit (pipe) connecting the 

furnace to the vertical flue. 
Chimney effect: Tendency of gas to rise when heated. 
Chimney flue: Hue gas passageway in a chimney. 
Chlomdifluoromethane: Refrigerant better known as R-22. 
Chemical formula is CHCIF 2 . Cylinder color code is 
green. 
Chlorofluorocarbons (CFCs): Refrigerants that are composed 
of chlorine, fluorine, and a hydrocarbon (methane). 
CFCs deplete the ozone layer. 
Choke tube: Throttling device used to maintain correct 
pressure difference between high-side and low-side in 
refrigerating mechanism. Capillary tubes are sometimes 
called choke tubes. 
Circuit: Tubing, piping, or electrical wire installation that 

permits flow to and from an energy source. 
Circuit, parallel: Arrangement of electrical devices in 
which the current divides and travels through two or 
more paths and then returns through a common path. 
Circuit, pilot: Secondary circuit used to control a main 
circuit or a device in the main circuit. 
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Circuit, series: Electrical path (circuit) in which electri- 
city to operate a second device must pass through 
first; current flow travels, in turn, through all devices 
connected together. 

Circuit breaker: Safety device that automatically opens 
an electrical circuit if overloaded. 

Clean room: A room in which special efforts are made to 
eliminate dust and other contaminants. 

Clearance space: Small space in a cylinder from which 
compressed gas is not completely expelled. For effec- 
tive operation, compressors are designed to have as 
small a clearance space as possible. 

Climate: The average weather conditions for a region. 

Climate control: Devices used to maintain an ideal 
climate in a space. 

Closed circuit: Electrical circuit in which electrons are 
flowing. 

Clutch, magnetic: Clutch built into automobile com- 
pressor flywheel, operated magnetically which 
allows a pulley to revolve without driving the 
compressor when refrigeration is not required. 

Code installation: Refrigeration or air conditioning 
installation that conforms to the applicable codes. 

Coefficient of conductivity: Measure of the relative rate at 
which different materials conduct heat. A good con- 
ductor of heat has a high coefficient of conductivity. 

Coefficient of expansion: A measure of the change in size 
of a material as the temperature changes. 

Coefficient of performance (COP): Ratio of the work 
performed to the energy used. 

Cogeneration: Using waste energy as a primary heat 
source. Example: The use of waste heat from an elec- 
trical energy genera hon system to heat a building. 

Cold: The absence of heat; a temperature considerably 
below normal. 

Cold ban: A plastic trim piece used to reduce heat flow 
between the outer and inner shell of a refrigerator door. 

Cold junction: That part of a thermoelectric system 
which absorbs heat as the system operates. 

Cold iv all: Refrigerator construction that has the inner 
lining of the refrigerator serving as the cooling surface. 

Collector: Semiconductor section of a transistor, con- 
nected to the same polarity as the base. 

Colloids: Miniatare cells peculiar to meats, fish, and 
poultry which, if disrupted, cause food to become 
rancid. Low temperatures minimize this action. 

Combined Annual Efficiency (CAE) ratio: Rating system 
used for combined heating systems, which heat both 
air and water. 

Combustible liquids: Liquid having a flash point above 
140°F (60 D C); known as Class 3 liquids. 

Combustion: The process of igniting and burning. 

Comfort chart: Chart used in air conditioning to show 
the dry bulb temperature, humidity, and air move- 
ment for human comfort. 

Comfort cooler: System used to reduce the temperature 
in the living space in homes. These systems are not 
complete air conditioners as they do not provide 



complete control of heating, humidifying, dehumidi- 

fication, and air circulation. 
Comfort zone: Area on psychrometric chart that shows 

conditions of temperature, humidity, and sometimes 

air movement in which most people are comfortable. 
Commerical system: A refrigeration or air conditioning 

unit that is used in commercial buildings. 
Commutator: The part of the rotor in an electric motor 

which conveys electric current to the rotor windings. 
Complaint: Statement of dissatisfaction with regards to 

a service. 
Compound gauge: Instrument for measuring pressure. 
Compound pump: A rotary pump that lias two rotors in 

series. 
Compound refrigerating systems: A system that has 

several compressors or compressor cylinders in 

series. The system is used to pump low-pressure 

vapors to condensing pressures. 
Compound zuound: Winding used in motors that run on 

dc current. 
Compression: Term used to denote increase of pressure 

on a fluid by using mechanical energy. 
Compression chiller: A chiller that achieves the 

required pressure difference through the use of a 

compressor. 
Compression gauge: Instrument used to measure positive 

pressures (pressures above atmospheric pressures) 

only. Gauge dial usually runs from to 300 psig 
■ (101.3-2200 kPa) 
Compression ratio: Ratio of the absolute high-side 

(compressor discharge) pressure to the absolute 

low-side (compressor suction) pressure. 
Compression ring: Upper piston ring. 
Compressor: Pump of a refrigerating mechanism that 

draws a low pressure on cooling side of refrigerant 

cycle and squeezes or compresses the gas into the 

high-pressure or condensing side of the cycle. 
Compressor, external drive: See Compressor, open. 
Compressor, hermetic: A compressor in which the 

driving motor is sealed in the same dome or housing 

as the compression. 
Compressor, multiple-stage: A compressor having two 

or more compressive steps. Discharge from each step 

is the intake pressure of the next in series. 
Compressor, open: A compressor in which the crankshaft 

extends through the crankcase and is driven by an 

outside motor. Commonly called an external drive 

compressor. 
Compressor reciprocating: A compressor that uses a piston 

and cylinder mechanism to provide pumping action. 
Compressor, rotary: Compressor that uses vanes, eccen- 
tric mechanisms, or other rotating devices to provide 

pumping action. 
Compressor, single-stage: Compressor having only one 

compressive step between low-side pressure and 

high-side pressure. 
Compressor seal: Leakproof seal between crankshaft 

and compressor body in open compressors. 
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Computer: Series of electrical components which accepts 

inputs from an operator and controls outputs. 
Computer languages: Specific wording or codes, such as 

BASIC, FORTRAN, COBOL, and C, which direct a 

computer to accept and store information and control 

outputs. 
Condensate: A fluid formed when a gas is cooled to its 

liquid state. 
Condensate pump: Device to remove water condensate 

that collects beneath an evaporator. 
Condensation: Liquid or droplets that form when a gas or 

vapor is cooled below its dew point. 
Condense: Action of changing a gas or vapor to a liquid. 
Condenser: The part of the refrigeration mechanism which 

receives hot, high-pressure refrigerant gas from 

compressor and cools gaseous refrigerant until it 

returns to its liquid state. 
Condenser, air-cooled: Heat exchanger that transfers heat 

to surrounding air. 
Condenser, water-cooled: Heat exchanger designed to 

transfer heat from hot gaseous refrigerant to water. 
Condenser comb: Comb-like device, metal or plastic, 

used to straighten the metal fins on condensers and 

evaporators. 
Condenser fan: Forced-air device used to move air 

through air-cooled condenser. 
Condensing furnace: High-efficiency, gas forced-air 

furnace that extracts the latent heat lost in conventional 

gas forced- air furnaces. 
Condensing pressure: Pressure inside a condenser at 

which refrigerant vapor gives up its latent heat of 

vaporization and becomes a liquid. This varies with the 

temperature. 
Condensing temperature: Temperature inside a condenser 

at which refrigerant vapor gives up its latent heat of 

vaporization and becomes a liquid. This varies with the 

pressure. 
Condensing unit: The part of a refrigerating mechanism 

that pumps vaporized refrigerant from the evaporator, 

compresses it, liquefies it in the condenser, and returns 

it to the refrigerant control. 
Condensing unit service valves: Shutoff valves mounted 

on the condensing unit to enable service technicians to 

install and service the unit. 
Conduction: The flow of heat between substances by 

molecular vibration. 
Conductivity: Ability of a substance to transmit heat or 

electricity. 
Conductor; Substance or body capable of transmitting 

electricity or heat. 
Console: A total unit or system of controls located in one 

area and enclosed. A window air conditioner is a 

console air conditioner. 
Constant: Remains the same; unchanging. 
Constrictor: Tube or orifice used to restrict the flow of a 

gas or a liquid. 
Contaminant: Substance such as dirt, moisture, or other 

matter foreign to refrigerant or refrigerant oil in system. 



Continuous absorption system: System that has a contin- 
uous flow of energy input. 

Continuous operation: In constant use. 

Contractual agreement: A written arrangement, enforce- 
able by law, that is entered into between two parties. 

Control: Automatic or manual device used to stop, start, 
or regulate the flow of gas, liquid, or electricity. 

Control, compressor: See Motor control. 

Control, defrosting: Device used to automatically defrost 
the evaporator. It may operate by means of a clock, 
door cycling mechanism, or during the Off cycle. 

Control, low-pressure: Cycling device connected to the 
low-pressure side of system. 

Control, motor: Temperature or pressure-operated device 
used to control running of motor. 

Control, pressure motor: Ffigh- or low-pressure control 
connected into the electrical circuit and used to start 
and stop motor. It is activated by demand for refriger- 
ation or for safety. 

Control, refrigerant: Device used to regulate flow of 
liquid refrigerant into evaporator. Can be a capillary 
tube, expansion valve, or high-side and low-side float 
valves. 

Control, temperature: Temperature-operated thermostatic 
device that automatically opens or closes a circuit. 

Control module: An electrical component used in 
automotive air conditioning systems to receive sensor 
input and regulate climate control functions. Also 
referred to as a microcomputer. 

Control point: The condition being maintained by a 
proportional control. 

Control system: All of the components required for the 
automatic control of a process variable. 

Control valve: Valve that regulates the flow or pressure of 
a medium that affects a controlled process. Control 
valves are operated by remote signals from indepen- 
dent devices using any of a number of control media 
such as pneumatic, electric, or electrohydraulic. 

Controller: A group of controls and circuits used to 
accurately and automatically operate a device. 

Convection: Transfer of heat by means of movement or 
flow of a fluid or gas. 

Convection, forced: Transfer of heat resulting from 
forced movement of liquid or gas by means of a fan or 
pump. 

Convection, natural: Circulation of a gas or liquid due to 
difference in density resulting from temperature 
differences. 

Cooler: Heat exchanger that removes heat from a 
substance. 

Cooling coil: Coils cooled by a fluid that does not evapo- 
rate (such as brine). The evaporator is sometimes incor- 
rectly referred to as a cooling coil. 

Cooling tower: Device that cools by water evaporation in 
air. Water is cooled to wet bulb temperature of air. 

Copper plating: Abnormal condition developing in some 
units in which copper is electrolytically deposited on 
compressor surfaces. 
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Core, air: Coil of wire not having a metal core. 
Core, magnetic: Magnetic center of a magnetic field. 
Core valves: Schrader valve used to gain access to a 

hermetic unit. 
Corrosion: Deterioration of materials from chemical action. 
Coulomb: The quantity of electricity transferred by an 

electric current of one ampere in one second. 
Counter emf: Tendency for reverse electrical flow as 

magnetic field changes in an induction coil. 
Counter/low: Flow in opposite direction. 
Couplings: Mechanical device joining refrigerant lines. 
"Cracking" a valve: Opening a valve a small amount. 
Crankshaft seal: Leakproof joint between crankshaft and 

compressor body. 
Crankthrow: Distance between centerline of main bearing 

journal and centerline of the crankpin or eccentric. 
Crisper: Drawer or compartment in refrigerator designed 
to provide high humidity along with low temperature 
to keep vegetables— especially leafy vegetables — cold 
and crisp. 
Critical pressure: Pressure at which vapor and liquid have 

same properties. 
Critical temperature: Temperature at which vapor and 

liquid have same properties. 
Cross-charged: Sealed container of two fluids that, 
together, create a desired pressure-temperature curve. 
Cn/ogenic fluid: A substance that exists as a liquid or gas 

at temperatures of -250°F (-157°C) or lower. 
Cryogenic food freezing: See Fast food freezing. 
Cryogenics: Refrigeration that deals with producing 

temperatures of -250°F (~157°C) and lower. 
Current: Transfer of electrical energy in a conductor by 

means of electrons changing position. 
Current relay: Device that opens or closes a circuit. It is 
made to act by a change of current flow in that circuit. 
Current-limiting fuse: A fuse mat protects an electrical 
circuit by limiting the amount of current that flows 
through it, but does not "blow." 
Customer relations: The evaluation of the technician by 
the customer as a result of the technician's job perfor- 
mance and attitudes. 
Cut-in: The temperature or pressure at which the control 

circuit closes. 
Cut-out: The temperature or pressure at which the control 

circuit opens. 
Cycle: A series of events or operations that repeat. 
Cylinder: I— Device that converts fluid power into linear 
mechanical force and motion. This usually consists of 
movable elements such as a piston and piston rod, 
plunger or ram, operating within a cylindrical bore. 
2 — Closed container for fluids. 
Cylinder, refrigerant: Cylinder in which refrigerant is 
stored and dispensed. Color code painted on cylinder 
indicates kind of refrigerant. 
Cylinder head: Plate or cap that encloses compression end 

of compressor cylinder. 
Cylindrical commutator: Commutator with contact 
surfaces parallel to the rotor shaft. 



D 

Dalton's Law: Vapor pressure created in a container by a 
mixture of gases is equal to sum of individual vapor 
pressures of the gases contained in mixture. 
Damper: Device for controlling airflow. 
Dasher: Stirring mechanism in a dispensing freezer. 
Deaeration: Act of separating air from a substance. 
Decibel (dB): Unit used for measuring relative loudness of 

sounds. 
Deck (coil deck): Insulated horizontal partition between 

refrigerated space and evaporator space. 
Defrost cycle: Refrigerating cycle in which evaporator 

frost and ice accumulation is melted. 
Defrost timer: Device, connected into electrical circuit, 
that shuts unit off long enough to permit ice and frost 
accumulation on evaporator to melt. 
Defrosting: Process of removing frost accumulation from 

evaporators. 
Defrosting evaporator: Evaporator operating at such 
temperatures that ice and frost on surface melts during 
the Off cycle. 
Degreasing: Removal of oil or grease from refrigerator 

parts with a solution or solvent. 
Degree-day: Unit that represents one degree of difference 
from inside temperature and the average outdoor 
temperature; often used in estimating fuel require- 
ments for a building. 
Dehumidifier: Device used to remove moisture from air. 
Dehydrated oil: Lubricant that has had most of its water 

content removed (dry oil). 
Dehydrator: See Drier. 

Dehydrator-receiver: Small tank that serves as liquid 
refrigerant reservoir and also contains a desiccant to 
remove moisture. Used on most automobile air condi- 
tioning installations. 
De-ice control: Device for operating a refrigerating 
system in such a way as to provide melting of the 
accumulated ice and frost. 
Delta transformer: Three-phase electrical transformer that 
has ends of each of three windings electrically 
connected to form a triangle. 
Demand meter: Instrument that measures the kilowatt- 
hour usage of a circuit or group of circuits. 
Density: Closeness of particles within a given substance. 

The weight per unit volume. 
Deodorizer: Device that absorbs or adsorbs various odors, 
usually by principle of absorption. Activated charcoal 
is commonly used. 
Department of Transportation (DOT): A governmental 
unit that regulates the transportation of refrigerants 
from one location to another. 
Desert bag: A bag used to keep water cool in the desert. 
Tine fabric is not waterproof, so water leaks through 
and evaporates, cooling the water inside the bag. 
Desiccant: Substance used to collect and hold moisture. A 
drying agent. Common desiccants are activated alumina 
and silica gel. 
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Design pressure; Highest pressure expected during opera- 
tion. Sometimes calculated as operating pressure plus a 

safety allowance. 
Detector, leak: Device used to detect and locate refrigerant 

leaks. 
Dew: Condensed atmospheric moisture deposited in 

small drops on cool surfaces. 
Dew point: Temperanire at which vapor (at 100% humidity) 

begins to condense and deposit as a liquid. 
Diac: A two-lead alternating current semiconductor that 

allows current to flow in both directions at a preset 

voltage. 
Diagnostics: The process of identifying or determining 

the nature and circumstances of an existing condition. 
Diaphragm: Flexible material usually made of thin metal, 

rubber, or plastic. 
Dichlorodifluoromethane: Refrigerant commonly known 

as R-12. 
Die castiiig: Process of molding low-melting-temperature 

metals in accurately shaped metal molds. 
Dielectric fluid: Fluid with high electrical resistance. 
Differential: The difference between cut-in and cut-out 

temperature or pressure of a control. 
Diffuser: Attachments for duct openings that distribute 

the air in wide flow patterns. 
Diode: Two-element electron tube that will allow more 

electron flow in one direction in a circuit than in the 

other direction; tube that serves as a rectifier. 
Direct current (dc): Electron flow that moves continuously 

in one direction in a circuit. 
Direct Digital Control (DDC): Use of digital computer to 

perform required automatic control operations in a 

total energy management system. 
Direct expansion evaporator: Evaporator using either an 

automatic expansion valve (AEV) or a thermostatic 

expansion valve (TEV) refrigerant control. 
Direct-spark ignition: A furnace control in which a spark 

is used to ignite the gas- air mixture. There is no 

constantly-burning pilot light. 
Dispensing freezers: A freezer with built-in dispensing 

equipment, used for serving ice cream and frozen 

drinks. 
Displacement: Volume obtained by multiplying the area 

of the cylinder bore by the length of the piston stroke. 
Distilling apparatus: Huid-reclairning device used to 

reclaim used refrigerants. Reclaiming is usually done 

by vaporizing and then condensing refrigerant. 
Distribution controls: Systems that help evenly and 

efficiently transfer the heating or cooling medium to 

the area where it is needed. 
District heating and cooling: Use of a central utility 

system designed to provide heating and cooling to 

large residential and industrial areas. 
Dome-hat: Sealed metal container for the motor compres- 
sor of a refrigerating unit. 
Door heater: A heater located around the door opening of 

a freezer, used to prevent ice buildup from freezing the 

door closed. 



Double-duty case: Commercial refrigerator in which a 
part of space is for refrigerated storage and part is 
equipped with glass windows for display purposes. 

Double-thickness flare: Copper, aluminum, or steel 
tubing end that has been formed into two-wall thick- 
ness, 37° to 45° bell mouth or flare. 

Dowel pin: Accurately dimensioned pin pressed into one 
assembly part and slipped into another assembly part 
to ensure accurate alignment. 

Downflow furnace: A furnace in which return air enters 
through the top and is pulled down through the heat 
exchanger. Also called counterflow furnace. 

Draft gauge: Instrument used to measure air movement 
by measuring air pressure differences. 

Draft indicator: Instrument used to indicate or measure 
chimney draft or combustion gas movement. Draft is 
measured in units of 1" of water column. 

Draft regulator: Device that maintains a desired draft in a 
combustion-heated appliance by automatically control- 
ling the chimney draft to the desired value. 

Drier: Substance or device used to remove moisture from 
a refrigeration system. 

Drip pan: Fan-shaped panel or trough used to collect 
condensate from evaporator. 

Dry bulb: An instrument with a sensitive element to 
measure ambient air temperature. 

Dry bulb temperature: Air temperature as indicated by an 
ordinary thermometer. 

Dry capacitor: See Electrolytic condenser-capacitor. 

Dry cell battery: Electrical device used to provide dc 
electricity, having no liquid in the cells. 

Dry ice: Refrigerating substance made of solid carbon 
dioxide, which changes directly from a solid to a gas 
(sublimates). Its subliming temperature is -109°F 
(-78°C). 

Dry system: Refrigeration system that has the evaporator 
liquid refrigerant mainly in the atomized or droplet 
condition. 

Dual-pressure regulator: A combination of a high- 
pressure and a low-pressure regulator. 

Duct: Tube or channel through which air is conveyed or 
moved. 

Duct sioeeper: A tool used to remove dirt and debris from 
ducts. 

Dynamometer: Device for measuring power output or 
power input of a mechanism. 



EPA: See Environmental Protection Agency. 
Eccentric: Circle or disk mounted off center on a shaft. 
Economizer: A mechanism that removes flash gas from 

the evaporator. 
Eddy currents: Induced currents flowing in a core. 
EER: See Energy Efficiency Ratio. 
Effective area: Actual flow area of an air inlet or outlet. 

Gross area minus area of vanes or grille bars. 
Effective latent heat: The amount of heat absorbed from 

the cabinet and evaporator. 
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Effective temperature: Overall effect of air temperature, 

humidity, and air movement on human comfort. 
Effectiveness (absorption systems): Method of evaluating 
absorption cooling systems, in which the cooling effect 
is divided by the work equivalent to the heat supplied 
to the absorber. 
Efficiency: Output of a device, system, or activity, divided 
by the input necessary to create the output. In a 
compressor, the efficiency would be the work output, 
as measured by pressure change, divided by the energy 
input (usually electrical). 
Ejector: A device that uses high fluid velocity, such as a 
venturi, to create low pressure or vacuum at its throat 
to draw in fluid from another source. 
Electric defrosting: Use of electric resistance heating coils 
to melt ice and frost off evaporators during defrosting. 
Electric heating: System in which heat from electrical 

resistance units is used to heat a building. 
Electric water valve: Solenoid (electrically operated) 

valve used to turn water flow on and off. 
Electrical circuits: The electrical wiring that permits flow 
from the energy source, through the circuit, and back to 
the energy source. 
Electrical resistance: A resistance to {working against) the 

movement of electrons (flow of electricity). 
Electricity: Electric current or power. 
Electrodeposition: Process in which metallic particles are 
applied to another metal surface through the use of an 
electric current. 
Electrolysis: A chemical change in a substance caused by 

movement of electricity. 
Electrolytic condenser-capacitor: Plate or surface capable 

of storing small electrical charges. 
Electromagnet: Coil of wire wound around a soft iron 
core. When electric current flows through wire, the 
assembly becomes magnetized. 
Electromagnetic energy: Energy that has both electrical 
and magnetic characteristics. Solar energy is electro- 
magnetic. 
Electromotive force (emf) voltage: Electrical force that 
causes current (free electrons) to flow or move in an 
electrical circuit. Unit of measurement is the volt. 
Electron: Elementary particle or portion of an atom that 

carries a negative charge. 
Electronic control diagnostics: Trouble codes that may be 
referenced on an automatic climate control system to 
diagnose problems. 
Electronic leak detector: Electronic instrument that 
measures electronic flow across a gas gap. Electronic 
flow changes indicate presence of refrigerant gas 
molecules. 
Electronic relay: Electronic switch, such as a triac, that 

controls a power consuming device. 
Electronic sight glass: Device that sends an audible signal 

when system is low in refrigerant. 
Electronics: Field of science dealing with electron devices 

and their uses. 
Electrostatic air filter: A filter that gives dust particles an 



electric charge. This causes particles to be attracted to a 
plate so they can be removed from air. 
Embrittlement: To become easily broken. 
End hell: End structure of the plate of an electric motor, 

which usually holds the motor bearings. 
End play: Slight movement of shaft along its centerline. 
Endothermah Chemical reaction in which heat is absorbed. 
Energized: Having current flow. 
Energy: Actual or potential ability to do work. 
Energy audit: Process of accurately determining the 

current energy consumption for a given area. 
Energy Efficiency Ratio (EER): The ratio of the rated 
cooling capacity divided by the amount of electrical 
power used. 
Energy management control system: ConlTollers used in a 
system which optimizes total energy usage in a build- 
ing or residence. 
Energy Utilization Index (EUI): A number used to 
compare energy usage for different areas. It is calcu- 
lated by dividing the energy consumption by the 
square footage of the conditioned area. 
Enthalpy: Total amount of heat in one pound of a 
substance calculated from accepted temperature base. 
Temperature of 32°F (0°C) is accepted base for water 
vapor calculation. For refrigerator calculations, accepted 
baseis-^0 D FHtO°C). 
Entropy: Engineering calculation used to determine heat 
available. Measured in Btu per pound degree change 
for a substance. 
Environment: The surrounding conditions. 
Environmental Protection Agency (EPA): A governmental 
agency empowered by the government to protect the 
environment. 
Enzyme: Complex organic substance, originating from 
living cells, that speeds up chemical changes in foods. 
Enzyme action is slowed by cooling. 
Epoxy: Synthetic plastic adhesive. 

Equalizer: A device that is used to balance pressure in a 

system or balance liquid levels between two containers. 

Equivalent length: Length of piping plus pressure losses 

due to bends, fixtures, etc. 
Ethane (R-170): Refrigerant sometimes added to other 

refrigerants to improve oil circulation. 
EUI: See Energy Utilization Index. 
Eutectic: That unique mixture of two substances provid- 
ing the lowest possible melting temperature. 
Eutectic point: Freezing temperature for eutectic 

solutions. 
Evacuation: Removal of air (gas) and moisture from a 

refrigeration or air conditioning system. 
Evaporation: Term applied to the changing of a liquid to 

a gas. Heat is absorbed in this process. 
Evaporative condenser: A device that uses an open spray 
or spill water to cool a condenser. Evaporation of some 
of the water cools the condenser water and reduces 
water consumption. 
Evaporative cooling: A cooling method practical in hot, 
dry climates in which hot air is blown over hot water. 
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As some water evaporates, the remaining water is 

cooled, and then used to cool air. 
Evaporator: Part of a refrigerating mechanism in which 

the refrigerant vaporizes and absorbs heat. 
Evaporator, dry: Evaporator in which the refrigerant is in 

droplet form. 
Evaporator, flooded: Evaporator containing liquid refrig- 
erant at all times. 
Evaporator fan: Fan that increases airflow over the heat 

exchange surface of evaporators. 
Excelsior: Fine curled wood shavings. 
Exfiltration: Flow of air from a building to the outdoors. 
Exhaust valve: A movable port that provides an outlet for 

the cylinder gases in a compressor or engine. 
Exothermal: Chemical reaction in which heat is released. 
Expansion joint: Device in piping designed to allow 

movement of the pipe caused by thermal expansion 

and contraction. 
Expansion tank: A tank used to allow water to expand 

and contract with temperature changes. 
Expansion valve: Device in refrigerating system that 

reduces the pressure from the high side to the low side. 
Expendable refrigerant system: A system that discards the 

refrigerant after it has evaporated. 
External drive: Term used to indicate a compressor driven 

directly from the shaft or by a belt using an external 

motor. Compressor and motor are serviceable 

separately. 
External equalizer: Tube connected to the low-pressure 

side of a thermostatic expansion valve diaphragm and 

to the exit end of the evaporator. 
Extrinsic semiconductor: An intrinsic semiconductor with 

impurities added; very sensitive to electrical forces. 



Fahrenheit scale: Temperature scale with, under standard 
atmospheric pressure, a water boiling point of 212° 
(100°C) and water freezing point of 32° (0°C). 

Fail-safe control: A device that opens a circuit when a 
sensing element loses its pressure. 

Fan: Radial or axial flow device used for moving or 
producing flow of gases. 

Farad: Unit of electrical capacity. Capacity of a condenser 
which, when charged with one coulomb of electricity, 
gives a difference of potential of one volt, 

Faraday experiment: Silver chloride absorbs ammonia 
when cool and releases it when heated. This is basis on 
which some absorption refrigerators operate. 

Fast food freezing: Method that uses liquid nitrogen or 
carbon dioxide to turn fresh food into long lasting frozen 
food. It is often referred to as Cryogenic Food Freezing. 

Fast-acting fuse: A fuse that blows immediately when the 
rated load is reached. 

Featheredging: Sanding a finish in a way that a level 
surface recesses evenly to a depressed point. 

Feedback: Information on current operation of a system or 
device used by the control system to modify future 
operation. 



Feedback control system: Control system that is 
constantly correcting the condition. Also called a 
"closed loop system," 

Female thread: The internal thread on fittings, valves, 
machine bodies, etc. 

Fiberglass: A composition of material consisting of glass 

fibers in resin. 
Field pole: Part of the motor stator that concentrates the 

magnetic field of field winding. 
Fill (cooling tower): Material in a cooling tower over 

which water flows. 
Filter: Device for removing small foreign particles from a 

fluid. 
Firepot: Refractory-lined combustion chamber. 
Flammability: Tendency to ignite. 
Flammable liquids: Liquids having a flash point below 

140°F (60°C) and a vapor pressure not exceeding 40 psia 

(276 kPa) at 100°F (38°C). 
Flapper valve: Thin metal valve used in refrigeration 

compressors that allows gaseous refrigerants to flow in 

only one direction. 
Flare: An enlargement at the end of a piece of flexible 

tubing by which the tubing is connected to a fitting or 

another piece of tubing. This enlargement is made at 

about a 45° angle. Fittings grip it firmly to make the 

joint leakproof and strong. 
Flare nut; Fitting used to clamp tubing flare against 

another fitting. 
Flash gas: Instantaneous evaporation of some liquid refrig- 
erant in evaporator, which cools the remaining liquid 

refrigerant to the desired evaporation temperature. 
Flash point: Temperature at which flammable liquid will 

give off sufficient vapor to support a flash flame but 

will not support continuous combustion. 
Flash weld: Resistance weld in which mating parts are 

brought together under considerable pressure while a 

heavy electrical current is passed through the joint to 

be welded. 
Flexible duct: A duct that can be routed around obstacles 

by bending it gradually. 
Flexible lines: Lines that provide for easy bending. 
Float valve: Type of valve that is operated by a sphere or 

pan that floats on a liquid surface. 
Flooded system: Type of refrigerating system in which the 

liquid refrigerant fills most of the evaporator at all 

times. 
Flooded system, high-side float: Refrigeration system that 

has a float operated by the level of the high-side liquid 

refrigerant. 
Flooded system, low-side float: Refrigerating system that 

has a low-side float refrigerant control. 
Flow check piston: Piston assembly, with an orifice in the 

center, that can operate as an expansion valve. 
Flow meter: Instrument used to measure velocity or 

volume of fluid movement. 
Flue: Gas or air passage that usually depends on natural 

convection to cause the combustion gases to flow 

through it. Forced convection may sometimes be used. 
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Fluid; Substance in either a liquid or gaseous state. 
Fluorescent: Capable of exhibiting fluorescence, the 

emission of electromagnetic radiation of visible light. 
Flush; Operation to remove any material or fluids from 
refrigeration system parts by purging them to the 
atmosphere using refrigerant or other fluids. 
Flux: Substance applied to surfaces to be joined by 

brazing or soldering to keep oxides from forming. 
Foam leak detector: System of soap bubbles or special 
foaming liquids brushed over joints and connections to 
locate leaks. 
Foaming: Formation of a foam in an oil-refrigerant 
mixture due to the rapid evaporation of refrigerant 
dissolved in the oil. This is most likely to occur when 
the compressor starts and the pressure is suddenly 
reduced. 
Foot-pound: Unit of work. A foot-pound is the amount of 

work done in lifting one pound one foot. 
Force: Accumulated pressure multiplied by an area. 
Forced air: An air conditioning or heating system in 

which airflow is caused by a fan. 
Forced convection: Movement of fluid by mechanical 

force such as fans or pumps. 
Forced-air heating: A heating system that uses a fan to 

circulate the heated air. 
Forced-circulation evaporator; An evaporator that uses a 

fan to circulate air. 
Force-feed oiling: Lubrication system which uses a pump 

to force oil to surfaces of moving parts. 
Frame: See Stator. 

Free wheeling: Continued rotation of a magnetic clutch on an 
automotive compressor when the clutch is disengaged. 
Freeze drying: Process of food preservation wherein food 
is frozen and ice content changed rapidly into a vapor, 
which is then absorbed on an evaporator. 
Freezer burn: Condition applied to food that has not been 
properly wrapped in a freezer and has become hard, 
dry, and discolored. 
Freeze-up: 1 — Formation of ice in the refrigerant control 
device, which may stop the flow of refrigerant into the 
evaporator. 2 — Frost formation on an evaporator, 
which may stop the airflow through the evaporator. 
Freezing: Change of state from liquid to solid. 
Freezing point: Temperature at which a liquid will solid- 
ify upon removal of heat. The freezing temperature for 
water is 32°F (0°C) at atmospheric pressure. 
Freezing point depression: Temperature at which ice will 

form in solution of water and salt. 
Friction: Force of resistance produced when two surfaces 

rub together. 
Frost hack: Condition in which liquid refrigerant flows 
from the evaporator into the suction line; usually 
indicated by sweating or frosting of the suction line. 
Frost control automatic: Control that automatically cycles 

refrigerating system to remove frost on evaporator. 
Frost control, manual: Manual control used to change 
operation of refrigerating system to produce defrosting 
conditions. 



Frost control, semiautomatic: Control that starts defrost 

part of a cycle manually and then returns system to 

normal operation automatically. 
Frost-free refrigerator: Refrigerated cabinet that operates 

with an automatic defrost during each cycle. 
Frosting evaporator: Refrigerating system, that maintains 

the evaporator at frosting temperatures during all 

phases of cycle. 
Frozen: 1— Water in its solid state. 2 — Preserved by freezing. 

3 — Seized (as in machine parts) due to lack of lubrication. 
Fuel oil: Kerosene or any hydrocarbon oil as specified by 

U.S. Department of Commerce Commercial Standard 

CS12 or ASTM D296, or the Canadian Government 

Specification Board, 3-GP-28, and having a flash point 

not less than 1G0 Q F (38°C). 
Fuel oil distillate: Fuel oil produced through distillation. 
Furnace: Self-contained appliance designed to supply 

heated air through ducts to spaces remote from the 

appliance location. 
Fuse: Electrical safety device consisting of strip of fusible 

metal in circuit, which melts when the circuit is 

overloaded. 
Fusible plug; Plug or fitting made with a metal of a known 

low-melring temperature. Used as safety device to 

release pressures in case of fire. 



Galvanic action: Corrosion of two urilike metals due to 

electrical current passing between them. The action is 

increased in the presence of moisture. 
Gas: Vapor phase of a substance. 
Gas, noncondensable: Gas that will not form into a liquid 

under the operating pressure-temperature conditions. 
Gas valve: Device in a pipeline for starting, stopping, or 

regulating the flow of gas. 
Gasket: Resilient (spongy) or flexible: material used 

between mating surfaces of parts to give a leakproof 

seal. 
Gauge, compound: See Compound gauge, 
Gauge, high-pressure: Instrument for measuring pressures 

in range of psig to 500 psig (101.3 kPa to 3600 kPa). 
Gauge, low-pressure: Instrument for measuring pressures 

in range of psia to 50 psia (0 kPa to 350 kPa). 
Gauge, vacuum: Instrument used to measure pressures 

below atmospheric pressure. 
Gauge manifold: Chamber device constructed to hold 

both compound and high-pressure gauges. Valves 

control the flow of fluids through it. 
Gauge port: Opening or connection provided for 

installing a gauge. 
Generator: In an absorption system, the component in 

which the ammonia-water mixture is heated, 
Geothermal: An underground or underwater tempera- 
ture source used for the operation of a heating and 

cooling system (heat pump). 
Geothermal heat pump: A heat pump that uses the 

constant underground or underwater temperatures as 

supply. 
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Global warming potential (GWP): Numeric value 
assigned to refrigerants to express the risk each refrig- 
erant poses to the environment. 

Glycol ivater solution forced-air furnace: Furnace with 
50% glycol and 50% distilled water solution, which 
passes through a tube-and-fin heat exchanger to 
distribute heat through the furnace duct system. 

Grain: Unit of weight equal to 1/7000 lb., used to indicate 
the amount of moisture in the air. 

Gravity air: Air that naturally rises when heated and 
flows through warm air ducts. When it cools, it 
becomes denser (heavier) and flows down. 

Gravity flow: The tendency of liquids to flow downward 
and rest at the lowest possible point. 

Gravity heating: Heating system in which heated air is 
distributed by natural rising (no fans are used for 
circulation). 

Grille: Ornamental or louvered opening placed in a room 
at the end of an air passageway. 

Grommet: Plastic, metal, or rubber doughnut-shaped 
protectors, which line holes where wires or tubing pass 
through panels. 

Ground, short circuit: Fault in an electrical circuit allowing 
electricity to flow into the metal parts of a mechanism. 

Ground coil: Heat exchanger buried in the ground. May 
be used either as an evaporator or as a condenser. 

Ground wire: Electrical wire that will safely conduct 
electricity from a structure into the ground. 

Gun burner: Furnace burner that atomizes oil by pushing 
it through an orifice, into the combustion chamber. 



H 

Halide refrigerants: Family of refrigerants containing 

halogen chemicals. 
Halide torch: Type of torch used to safely detect halogen 

refrigerant leaks in system. 
Halogens: Substances containing fluorine, chlorine, 

bromine, or iodine. 
Head: Pressure, usually expressed in feet of water, inches 

of mercury, or millimeters of mercury. 
Head, static: Pressure of fluid expressed in terms of 

height of column of the fluid, such as water or mercury. 
Head, total static: Static head from the surface of the 

supply source to the free discharge surface. 
Head friction: Head required to overcome friction of the 

interior surface of a conductor and between fluid parti- 
cles in motion. 
Head pressure; Pressure that exists in condensing side of 

refrigerating system. 
Head pressure control: Pressure-operated control that 

opens electrical circuit if high-side pressure becomes 

too high. 
Head pressure safety cutout: Motor protection device 

wired in series with motor; will shut off the motor 

when excessive head pressures occur. 
Head velocity: Height of fluid equivalent to its velocity 

pressure in flowing fluid. 



Header: Length of pipe or vessel, to which two or more 

pipe lines are joined, that carries fluid from a common 

source to various points of use. 
Heat: Form of energy that acts on substances to raise their 

temperature; energy associated with random motion of 

molecules. 
Heat absorber: The low-pressure side of a refrigeration 

system. The evaporator absorbs heat. 
Heat anticipators: A thermostatic anticipator. 
Heat dissipator: The high-pressure side of a refrigeration 

system. The condenser dissipates heat. 
Heat energy: Kinetic energy of molecules in motion. 
Heat exchanger: Device used to transfer heat from a warm 

or hot surface to a cold or cooler surface. (Evaporators 

and condensers are heat exchangers.) 
Heat gains: Heat added to a space being cooled. 
Heat input method: Method of sizing motor in which the 

required energy from the motor is the amount of heat 

added to the vapor in the compressor. 
Heat insulators: Poor conductors of heat. 
Heat lag: The time it takes for heat to travel through a 

substance heated on one side. 
Heat leakage: Flow of heat through a substance. 
Heat leakage load: Total amount of heat that leaks from a 

structure. 
Heat load: Amount of heat removed during a period of 

twenty-four hours. 
Heat loss: Loss of warm air, resulting in a lower temperature. 
Heat of compression: Additional temperature produced 

by increased pressure. 
Heat of fusion: Heat released from a substance to change 

it from a Hquid state to a solid state. The heat of fusion 

of ice is 144 Btu per pound (335 kj/kg) . 
Heat pipe: High efficiency gas furnace that uses vertical 

liquid filled pipes. The pipes are heated by a burner at 

their base, and the liquid boils and vaporizes within 

the pipe. The furnace blower circulates air over the 

pipes for heating. 
Heat pump: Compression cycle system used to supply 

heat to a temperature-controlled space. The same 

system can also remove heat from the same space. 
Heat recovery system: Produces and stores hot water by 

transferring heat from condenser to cooler water. 
Heat sink: Relatively cold surface capable of absorbing 

heat. 
Heat transfer: Movement of heat from one body or 

substance to another. Heat may be transferred by radia- 
tion, conduction, convection, or a combination of these 

three methods. 
Heat transfer coefficient: (U-value) A measure of the 

amount of heat that a material or combination of 

materials will allow through. 
Heat transfer module: Primary system of heat transfer in 

a glycol-water solution forced-air furnace. The heat 

transfer module contains the ignitor, burner, and 

primary solution circulating coil. 
Heat transfer rate (Q): The amount of heat transfer through 

a given material per unit time. 
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Heating coil: Heat transfer device consisting of a coil of 

piping that releases heat. 
Heating control: Device that controls temperature of a 

heat transfer unit. 
Heating value: Amount of heat that may be obtained by 
burning a fuel. The heating value is usually expressed 
in Btu per lb., Btu per gal., or kj/kg. 
Hermetic compressor: Compressor that has the driving 
motor sealed inside the compressor housing. The 
motor operates in an atmosphere of the refrigerant. 
Hermetic motor: Compressor drive motor sealed within 

same casing which contains compressor. 
Hermetic unit: Refrigeration system which has a compres- 
sor driven by a motor contained in compressor dome 
or housing. 
Hertz (Hz): Correct terminology for cycles per second, 
Hg (mercury): Heavy silver-white metallic element; only 

metal that is liquid at ordinary room temperature. 
High side: The parts of a refrigerating system subject to 

the condenser pressure. 
High-efficiency gas furnace: Furnace that uses recycling of 
combustion gases or pulse combustion to obtain 
operating efficiencies from 85% to 95%. 
High-limit control: Control that stops the flow of gas when 
the bonnet on a furnace is too hot. Also called a safety stat. 
High-pressure cutout: Electrical control switch, operated 
by the high-side pressure, that automatically opens 
electrical circuit if pressure is too high. 
High-side float: Refrigerant control mechanism that 
controls the level of the liquid refrigerant in the high- 
pressure side of mechanism. 
Horizontal furnace: A furnace in which air blows horizon- 
tally through the heat exchanger. 
Horsepower: Unit of power equal to 33,000 ft.-lb. of work 

per minute. One electrical horsepower equals 746 W. 
Hot gas: High temperature gas taken from the compressor 

used to defrost the evaporator. 
Hot gas bypass: Piping system in refrigerating unit that 
moves hot refrigerant gas from condenser into low- 
pressure side. 
Hot gas defrost: Defrosting system in which hot refriger- 
ant gas from the high side is directed through the 
evaporator for short period of time at predetermined 
intervals in order to remove frost. 
Hot junction: The part of thermoelectric circuit that 

releases heat. 
Hot water heating system: System in which water is circu- 
lated through heating coils. 
Hot wire: 1— Resistance wire in an electrical relay that 
expands when heated and contracts when cooled. 
2— Electrical lead that has a voltage difference between 
it and the ground. 
Hot-surface ignition system: Furnace ignition system in 
which a silicon carbide element is heated in order to 
light the main burner. No pilot light is needed. 
Humidifier: Device used to add to the humidity. 
Humidistat: Electrical control that is operated by chang- 
ing humidity. 



Humidity: Moisture. Dampness of air. 

Hunting: The cycling above and below the set point. 

Hydraulics: Having to do with the mechanical properties 

of water and other liquids in motion. 
Hydrocarbons: Organic compounds containing only 

hydrogen and carbon atoms in various combinations. 
Hydrochlorofluorocarbons (HCFCs): Type of refrigerant 

that is damaging to the ozone layer, but to a lesser 

degree than CFCs. 
Hydrofluorocarbons (HFCs): A type of refrigerant that 

will not damage the ozone layer. 
Hydrogen: A light gas that makes up a small part of the 

atmosphere. It is present in most fuels. 
Hydrometer: Floating instrument used to measure the 

specific gravity of a liquid. 
Hydronic: Heating system that circulates a heated fluid, 

usually water, through baseboard coil;; by means of a 

circulating pump controlled by a thermostat. 
Hygrometer: Instrument used to measure amount of 

moisture in the air. 
Hygroscopic: Ability of a substance to absorb and release 

moisture and change physical dimensions as its 

moisture content changes. 



I 

Ice bank: Refrigerating systems that form a bank of ice 

around the evaporator to provide reserve cooling 

capacity. 
Ice melting effect: Amount of heat absorbed by melting ice 

at 32°F (0°C) is 144 Btu per pound of ice or 288,000 Btu 

per ton. 
Identification plate: Provides information such as 

manufacturer, part number, and specifications. 

Frequently mounted on the outside housing of motors 

and compressors. 
Idler: Pulley used on some belt drives to provide proper 

belt tension and to eliminate belt vibration. 
Ignition system: Method of lighting a furnace burner. 
Ignition transformer: Transformer designed to provide a 

high-voltage current. Used in many heating systems to 

ignite fuel. 
Immersion freezing: Freezing of articles by dipping them 

into liquid refrigerant. 
Impedance: Opposition in an electrical circuit to the flow 

of an alternating current that is similar to the electrical 

resistance to a direct current. 
Impeller: Rotating part of a pump. 
Incandescent: Glowing due to heat. 
Incomplete combustion: Combustion with insufficient 

oxvgen. 
Indoor Air Quality (IAQ): The status of indoor air as 

measured by numerous factors: temperature, humidity, 

airflow, pollutants, occupants, etc. 
Induced magnetism: Ability of a magnetic field to produce 

magnetism in a metal. 
Inductance: Inducing voltage in a coil due to the change in 

the rate of flow of current in the coil. 
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Induction motor: An ac motor that operates on the princi- 
ple of a rotating magnetic field. The rotor has no electri- 
cal connection, but receives electrical energy by 
transformer action from field windings. 

Inductive reactance: Electromagnetic induction in a circuit 
creates a counter or reverse emf as the original current 
changes. It opposes the flow of alternating current. 

Infiltration: Passage of outside air into building through 
doors, cracks, windows, and other openings. 

Infrared: Invisible rays just beyond red in the visible 
spectrum. 

Inhibitor: Substance that prevents a chemical reaction. 

Inspection: To examine and compare with established 
guidelines. 

Instrument: Used broadly to denote a device that has 
measuring, recording, indicating, or controlling abilities. 

Insulation, electric: Substance that has almost no free 
electrons. 

Insulation, thermal: Material that is a poor conductor of 
heat; used to retard flow of heat through wall. 

Integrated circuit: A circuit that incorporates multiple 
transistors and other semiconductors to a single circuit, 
sometimes called a "chip." 

Integrated circuit board: Electronic circuit made from 
transistors, resistors, etc., all placed into a package 
referred to as a "chip/' since all circuits are on one base 
of semiconductor material. 

Interlocked: Controlled by a switch that does not allow a 
component to operate when a hazardous condition 
exists. 

Intermittent absorption system: Refrigeration system 
using a kerosene burner and ammonia, normally used 
in situations where gas and electricity is not available. 

Intermittent cycle: Cycle which repeats itself at varying 
time intervals. 

Interstate Commerce Commission (ICC): Government 
body that controls the design and construction of 
pressure containers. 

Intrinsic semiconductor: Material that is neither conduc- 
tor nor insulator, such as silicon and germanium, often 
used in temperature sensing devices. 

Ion: Group of atoms or an atom which is electrically 
charged. 

IR drop: Electrical term indicating the loss in a circuit 
expressed in amperes times resistance (I x R) or voltage 
drop. 

Isothertnah Changes of volume or pressure under condi- 
tions of constant temperature. 



J 

Jet cooling system: Jet pump is used to produce a vacuum 
so water or refrigerant may evaporate at relatively low 
temperatures. These systems usually require a large 
condenser and have a low efficiency. 

Jet pump: A centrifugal pump combined with an ejector, 
which can replace the compressor in some refrigeration 
systems. 



Joint: Connecting point as between two pipes. 

Joule: Metric unit of heat. 

Joule-Thomson Effect: The change in the temperature of a 

gas on its expansion through a porous plug from a 

higher pressure to a lower pressure. 
Journal, crankshaft: Part of shaft that contacts the bearing 

on the large end of the piston rod. 
Junction box: Box or container housing group of electrical 

terminals. 



K 

Kata thermometer: Large -bulb alcohol thermometer used 
to measure air speed or atmospheric conditions by 
means of cooling effect. 

Kelvin scale (K): Thermometer scale on which unit of 
measurement equals the Celsius degree and according to 
which absolute zero is 0°, the equivalent of -273,1 6°C. 
Water freezes at 273.16°K and boils at 373.16°K. 

Kilocalorie: Great calorie (1000 calories) used in engineer- 
ing science. 

Kilometer (km): Metric unit of linear measurement equal 
to 1000 meters. 

Kilopascal (kPa): Metric unit of pressure equal to 1000 
Pascals. 

Kilovolt ampere (kVA): Unit of electrical flow equal to volts 
multiplied by amperes and divided by one thousand. 

Kilowatt: Unit of electrical power, equal to 1000 watts. 

Kinetic energy: Energy of motion. 

King valve: Liquid receiver service valve. 



Lacquer: Protective coating or finish that dries to form a 
film by evaporation of a volatile constituent. 

Ladder diagram: Electrical diagram that indicates order of 
electrical devices in a specific electrical circuit. 

Lag: Delay in response. 

Lamp, steri: Lamp that has a high-intensity ultraviolet ray 
used to kill bacteria. Also used in food storage cabinets 
and in air ducts. 

Lapping: Smoothing a metal surface to high degree of 
refinement or accuracy using a fine abrasive. 

Latent heat: Heat energy absorbed in process of changing 
form of substance (melting, vaporization, fusion) 
without change in temperature or pressure. 

Latent heat of condensation: Amount of heat released 
(lost) to change from a vapor (gas) to a liquid. 

Latent heat of vaporization: Amount of heat required to 
change from a liquid to a vapor (gas). 

Leak detector: Device or instrument, such as a halide 
torch, an electronic sniffer, or soap solution, used to 
detect leaks. 

Legionnaire's Disease Bacterium (LDB): Is thought to be 
transmitted by airborne routes, possibly by open air 
cooling towers or evaporative condensers in commer- 
cial systems. Disease is named after an outbreak of 
illness at an American Legion convention in July, 1976. 
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Limit control: Control used to open or dose electrical 

circuits as temperature or pressure limits are reached. 
Liquefied gases: A gas below a certain temperature and 

above a certain pressure, mat becomes liquid. 
Liquid: Substance whose molecules move freely among 

themselves, but do not tend to separate like those of 

gases. 
Liquid absorbent: Chemical in liquid form that has the 

property to "fake on" or absorb other fluids. 
Liquid desuperheater: Valve that permits small flow of 

refrigerant to enter low side of systems to cool suction 

gas. 
Liquid floodback: A surge of liquid returning to the 

compressor. 
Liquid indicator: Device located in liquid line that 
provides a glass window through which liquid flow 
may be watched. 
Liquid line: Tube that carries liquid refrigerant from the 
condenser or liquid receiver to the refrigerant control 
mechanism. 
Liquid nitrogen: Nitrogen in liquid form used as a low- 
temperature refrigerant in expendable or chemical 
refrigerating systems. 
Liquid receiver: Cylinder (container) connected to 
condenser outlet for storage of liquid refrigerant in a 
system. 
Liquid receiver service valve: Two- or three-way manual 
valve located at the outlet of the receiver and used for 
installation and sendee purposes. It is sometimes called 
the king valve. 
Liquid transfer method: Method of liquid refrigerant 
recovery in which the air conditioning unit is pressur- 
ized and refrigerant is removed by the created pressure 
difference. 
Liquid-vapor valve refrigerant cylinder: Dual hand valve 
on refrigerant cylinders that is used to release either 
gas or liquid refrigerant from the cylinder. 
Listing: To tilt to one side due to an unbalanced load. 
Liter: Metric unit of volume, equal to 61.03 in 3 . 
Lithium bromide: Chemical commonly used as the 
absorbent in absorption cooling system. Water would 
then be the refrigerant. 
Localized controller: Independent energy control device 

located near the system it is controlling. 
Locked rotor amperage: Initial current when initially 
closing a circuit, two to four times as high as the 
rurining current. 
Locker plant: Manufacturing plant designed to prepare, 

freeze, and store food products. 
Lockout relay: A device that shuts down a circuit 

whenever a safety control device is open. 
Low side: The parts of a refrigeration system subject to the 

evaporator pressure. 
Low-pressure safety cutout: Motor protection device that 
senses low-side pressure. Control is wired in series 
with the motor and will shut off during periods of 
excessively low suction pressure. Also called low-side 
pressure indicator. 



Low-side float valve: Refrigerant control valve operated 
by level of liquid refrigerant in low-pressure side of 
system. 

Low-side pressure: Pressure in cooling side of refrigerat- 
ing cycle. 

Low-side pressure control: Device used to keep low-side 
evaporating pressure from dropping below certain 

pressure. 
Low-side pressure limiter: See Low-pressure safety 

cutout. 
LP fuel: Liquefied petroleum used as a fuel gas. 



M 

Machine room: Area where commercial and industrial 

refrigeration machinery— except evaporators— is located. 
Machine screws: Fine threaded fasteners manufactured to 

narrow tolerances. 
Magnetic clutch: Device operated by magnetism to 

connect or disconnect a power drive. 
Magnetic field: Space in which magnetic lines of force 

exist. 
Magnetic flux: Lines of force of a magnet. 
Magnetic gasket: Door-sealing material that keeps door 

tightly closed with small magnets inserted in gasket. 
Magnetic permeability: Property of a material that deter- 
mines its flux density under a magnetic field. 
Magnetism: A field of force which causes a magnet to 

attract materials made of iron, nickel-cobalt, or other 

ferrous material. 
Make-up air units: An air unit used to create a slight 

positive pressure in homes, reducing infiltration. 
Male thread: External thread on pipe, fittings, and valves 

for making connections that screw together. 
Manifold, service: Chamber equipped with gauges and 

manual valves, used by service technicians to service 

refrigerating systems. 
Manometer: Instrument for measuring pressure of gases 

and vapors. Gas pressure is balanced against a column 

of liquid, such as mercury, in a U-shaped tube. 
Mass: Quantity of matter held together so as to form one 

body. 

Matched: In refrigeration systems, the correct balancing of 
the following items: heat load, condensing unit capac- 
ity, evaporator capacity, and total system capacity. 

MBH: Thousands of British thermal units (1 MBH = 1000 

Btu). 
McLeod gauge: Instrument used to measure high 

vacuums. 
Mean Effective Pressure (MEP): Average pressure on a 

surface when a changing pressure condition exists. 
Mechanical cycle: Cycle that is a repetitive series of 

mechanical events. 
Mechanism: Machinery. 
Melting point: Temperature at which a substance will 

melt at atmospheric pressure. 
Micro: Prefix denoting one-millionth; for example, a 

microliter is one-millionth of a liter. 
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Microcomputer: A computer containing a microprocessor. 
Micrometer: Precision measuring instrument used for 

making measurements accurate to .001 to .0001". 
Micron: Unit of length in metric system equal to one- 
millionth of a meter. 
Micron gauge: Instrument for measuring vacuums very 

close to a perfect vacuum. 
Microorganism: A plant or animal of microscopic size. 
Microprocessor: Electrical component consisting of 
integrated circuits that may accept information, store it, 
and control an output device. 
MUli: Prefix denoting one thousandth (1/1000); for 

example, millivolt means one thousandth of a volt. 
Minerals: A substance with a definite chemical composi- 
tion and characteristics. In this text, the term refers to 
substances found in water (carbonate, sulfate, lime, 
iron, etc) that produce scale formation inside tubing. 
Minimum Stable Signal (MSS): Correct setting for an 
expansion valve where it is utilizing the evaporator 
efficiently but remains free from hunting. 
Miscibility: Capable of being mixed. 
Modulate: Control or adjust. 

Modulating controls: A control capable of gradual adjust- 
ments, rather than simple on-off control. 
Modulating refrigeration cycle: Refrigerating system of 

variable capacity. 
Modules: Thermoelectric cooling units. 
Moisture indicator: Instrument used to measure moisture 

content of a refrigerant. 
Molecule: Smallest portion of an element or compound 

that retains chemical identity with the substance. 
Mollier's diagram: Graph of refrigerant pressure, heat, 

and temperature properties. 
Montreal Protocol: A 1987 international agreement to 

reduce and eventually eliminate production of CFCs. 
Motor: Rotating machine that transforms fluid or electric 

energy into a mechanical motion. 

Motor, capacitor: Single-phase induction motor with an 

auxiliary starting winding connected in series with a 

condenser (capacitor) for better starring characteristics. 

Motor burnout: Condition in which the insulation of an 

electric motor has deteriorated due to overheating. 
Motor control: Device to start and stop a motor at a 

certain temperature or pressure. 
Motor starter: High-capacity electric switches, usually 

operated by electromagnets. 
Muffler: Sound absorber chamber in refrigeration system. 

Used to reduce sound of gas pulsations. 
Mullion heater: Electrical heating element mounted in the 
mullion. Used to keep mullion from sweating or frosting. 
Multiple system: Refrigerating mechanism in which several 

evaporators are connected to one condensing unit. 
Multiple-pass recycling machine: A refrigerant recycling 
machine that cycles the refrigerant through a filter- 
drier several times in order to separate and remove oil. 
Multipurpose fuse: A fuse that does not blow under small 
overload conditions of a short duration, but blows 
immediately when a large overload occurs. 



Multistage system: A system used to produce very low 
temperatures. 



N 

Natural convection: See Convection, natural. 
Natural gas: A mixture of methane and other hydrocar- 
bons found in the earth's crust, used as fuel. 
Needle point valve: Valve having a needle point plug and 

a small seat orifice for low-flow metering. 
Negative Temperature Coefficient Thermistor (NTC): 

Electronic thermistor that decreases in resistance as 

temperature increases. 
Neoprene: Synthetic rubber that is resistant to hydrocar- 
bon oil and gas. 
Net capacity: The interior volume of a refrigeration 

cabinet. 
Neutralizer: Substance used to counteract acids in a 

refrigeration system. 
Neutron: That part of an atom core that has no electrical 

potential; electrically neutral. 
Newton: Force required to accelerate an object that has a 

mass of 1 kilogram to 1 m/sec. 2 
Nitrogen: A gaseous element comprising three-fourths of 

the earth's atmosphere by weight. 
Nitrogen dioxide (NO z ): Mildly poisonous gas often 

found in smog or automobile exhaust fumes. 
No-frost freezer: Low-temperature refrigerator cabinet in 

which no frost or ice collects on freezer surfaces or 

materials stored in cabinet. 
Noise dosimeter: Instrument used to measure sound. 
Nominal size tubing: Tubing measurement that has an 

inside diameter the same as iron pipe. 
Noncode installation: Functional refrigerating system 

installed where there are no local, state, or national 

refrigeration codes in effect. 
Noncondensable gas: Gas which does not change into a 

liquid at operating temperatures and pressures. 
Nonferrous: Group of metals and metal alloys that contain 

no iron. 
Nonfrosting evaporator: Evaporator that never collects 

frost or ice on its surface. 
Noninductive load: An electrical load consisting of resis- 
tance that does not affect the power factor. 
Normal charge: Thermal element charge that is part liquid 

and part gas under all operating conditions. 
North Pole, magnetic: End of magnet out of which 

magnetic lines of force flow. 
NTC: See Negative temperature coefficient thermistor. 



o 

Octave: Frequency difference between harmonic vibra- 
tions; the doubling of the frequency of sound. 

Octyl alcohol-ethyl hexanol: Additive in absorption 
machines that reduces surface tension in absorber. 

Odor: The property of air contaminants that affect the 
sense of smell. 
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Off cycle: Segment of refrigeration cycle when system is 

not operating. 

Offset: In a proportional control system, the deviation 

between the set point and the control point. Also called 

error. 

Ohm: Unit of measurement of electrical resistance. One 

ohm exists when one volt causes a flow of one ampere. 

Ohmmeter: Instrument for measuring electrical resistance 

in ohms. 
Ohm's Law: Mathematical relationship between voltage, 
current, and resistance in an electric circuit; discovered 
by George Simon Ohm. It is stated as follows: voltage 
(E) equals amperes (I) times ohms (R); or E = I x R. 
Oil refrigeration: Specially prepared oil used in refriger- 
ator mechanism which circulates, to some extent, with 
refrigerant. 
Oil binding: Condition in which oil layer on top of refrig- 
erant liquid may prevent it from evaporating at normal 
pressure and temperature. 
OH burner: A device for burning vaporized oil (gas) to 

produce heat. 
Oil level regulator: A device that controls the oil level in 

the compressor. 
Oil pressure safety cutout: Motor protection device that 
senses oil pressure in the compressor. It is wired in 
series with the compressor and will shut it off during 
periods of low oil pressure. 
Oil reservoir: Container that stores the compressors oil 

supply. 
Oil ring: Lower piston ring. 
Oil separator: Device used to remove oil from gaseous 

refrigerant. 
Oil slugging: Oil being pumped out of the compressor. 
Oilless bushing: Assembly in which a shaft passes 
through a sintering bushing (which is impregnated 
with oil). Bushing is permanently lubricated. 
One-way valve: A valve with only one opening that can 

be either opened or closed. 
Open circuit: Interrupted electrical circuit that stops flow 

of electricity. 
Open compressor: Term used to indicate an external drive 

compressor (not hermetic). 
Open display case: Commercial refrigerator designed to 
maintain its contents at refrigerating temperatures 
even though the contents are in an open case. 
Open system: Refrigerating system which uses a belt- 
driven or a coupling-driven compressor. 
Open-cycle refrigeration: Refrigeration system in which the 
refrigerant is released to the atmosphere after evaporation. 
Operating controls: Devices used to cause a refrigeration 

system to maintain desired conditions. 
Operating differential: The actual temperature or 

pressure difference in the conditioned area. 
Operating pressure: Actual pressure at which the system 
works under normal conditions. This pressure may be 
positive or negative (vacuum). 
Organic: Pertaining to or derived from living organisms. 
Orifice: Accurate size opening for controlling fluid flow. 



Orifice tube: Metering device consisting of a restricting 

tube with inlet and outlet screens. 
O-rings: Sealing devices used between parts where there 

may be some motion. 
Oscilloscope: Fluorescent-coated tube that visually shows 

an electrical wave. 
Overload: Load greater than that for which the system 

was intended. 
Overload protector: Device, either temperature, pressure, 

or current operated, that will stop operation of unit if 

dangerous conditions arise. 
Oxidation: The chemical combining of oxygen with a 

specific material, resulting in deterioration of that 

material. 
Oxygen: An elemental gas that comprises approximately 

25% of the atmosphere. It is required for combustion. 
Ozone: A form of oxygen, 3 , having three atoms to the 

molecule, usually produced by discharge of electricity 

through the air. The ozone layer is the outermost layer 

of the earth's atmosphere, that absorbs ultraviolet light 

from the sun and shields the lower layers and the earth 

from harmful rays. 
Ozone depletion potential (ODP): Numeric value 

assigned to each refrigerant to express the risk to the 

ozone layer which the given refrigerart: may cause. 

P 

Package units: Complete refrigerating system mcludmg 
compressor, condenser, and evaporator located in 
refrigerated space. 
Packaged terminal air conditioning: A combination heating 

and cooling unit designed for a single room or zone. 
Packing: Sealing device consisting of soft material or one 
or more mating soft elements. Reshaped by manually 
adjustable compression to obtain or maintain a leak- 
proof seal. 
Partial pressures: Condition where two or more gases 
occupy a space and each one creates part of the total 
pressure. 
Parts per million (ppm): Unit of concentration of one 

element in another. 
Pascal (Pa): Unit of pressure in the metric system. 
Pascal's Law: Pressure imposed upon a :fluid is transmit- 
ted equally in all directions. 
Passive solar heating system: A solar energy system that 
is dependent upon the radiation striking directly on the 
surface to be heated. 
PCB: See Polychlorinated biphenyl. 
Peltier Effect: When direct current is passed through two 
adjacent metals, one junction will become cooler and 
the other will become warmer. This principle is the 
basis of thermoelectric refrigeration. 
Perimeter drier: An electrical resistance heat wire located 
in a freezer door to prevent condensation on the 
exterior of the cabinet and around the: freezer door. 
Perimeter hot gas tube system: System that has a tube 
located on the surface of the outer portion of the 
cabinet to prevent condensation from forming. 
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Permanent magnet; Material that has its molecules 
aligned and has its own magnetic field; bar of metal 
that has been permanently magnetized. 

Permanent split capacitor motor: A motor with no relay, 
in which current flows through both the starting and 
running winding, making the motor sensitive to line 
voltage and resulting in low starting torque. 

Permeable: Having openings that allow the passage of 
liquid or gas. 

pH: Measurement of the free hydrogen ion concentration 
in an aqueous solution. A pH of 7 is neutral. 

Phase: Distinct functional operation during a cycle. 

Phase loss monitor: Motor protection device for polyphase 
motors that measures current flow to detect phase loss. 

Phial: Term sometimes used to denote the sensing 
element on a thermostatic expansion valve. 

Photoelectricity: Physical action wherein an electrical 
flow is generated by light waves. 

Photon: Particle of electromagnetic energy found in solar 
radiation. 

Photostatically: Method by which the molecular forma- 
tion of an element changes due to light. 

Photovoltaic cell: See Solar cell. 

Piercing valve: A type of service valve used on hermetic 
units. 

Piezoelectric: Property of quartz crystal that causes it to 
vibrate when a high frequency (500 kHz or higher) 
voltage is applied. Concept is used to atomize water in 
a humidifier. 

Piston: Close-fitting part or plug that moves up and 
down in a cylinder. 

Pitot tube: Tube used to measure air velocities. 

Planck's constant: Constant value (6.626 x 10~ 34 J-s) 
which, when multiplied by the frequency of radiation, 
determines the amount of energy in a photon. 

Plenum chamber: Chamber or container for moving air or 
other gas under a slight positive pressure. 

Pneumatic system; An air conditioning system in which 
pneumatic motors are operated by pressurized air lines. 

Pollen count: A measure of the amount of pollen in the air. 

Polychlorinated biphenyl (PCB): Dielectric fluid used in 
capacitors and transformers that is very toxic. Use of 
PCB in transformers and capacitors is strictly regulated 
by the Environmental Protection Agency. 

Polyphase motor: Electrical motor designed to be used 
with a three- or four-phase electrical circuit. 

Polystyrene: Plastic used as an insulation in some refrig- 
erated structures. 

Polyurethane: Any synthetic rubber polymers produced 
from the polymerization of an HO and NCO group 
from two different compounds. Often used in insula- 
tion and molded products. 

Ponded roof: Flat roof designed to hold a quantity of water, 
that acts as a cooling device. 

Porcelain: Ceramic coating applied to steel surfaces. 

Portable service cylinder: Container used to store refrig- 
erant. Two most common types are disposable and 
rehllable. 



Positive pressure: A pressure greater than atmospheric. 
Positive temperature coefficient thermistor (PTC): 

Electronic thermistor that increases in resistance as 

temperature increases. 
Potassium permanganate: Chemical used in carbon filters 

to help reduce odors. 
Potential, electrical: Electrical force that moves, or attempts 

to move, electrons along a conductor or resistance. 
Potential energy: Energy related to an object's position. 
Potential relay: Electrical switch that opens on high 

voltage and closes on low voltage. 
Potentiometer: Instrument for measuring or controlling 

by sensing small changes in electrical resistance. 
Pound-force: Force applied to a 1-lb. mass to give it an 

acceleration of 32.173 ft./s 2 (gravitational acceleration). 
Pour point: Lowest temperature at which a liquid will 

pour or flow. 
Power: 1 — Time rate at which work is done or energy 

emitted. 2— Source or means of supplying energy. 
Power burner: A burner that has air blown into it by a 

blower. 
Power element: Sensitive element of a temperature- 
operated control. 
Power factor: Correction coefficient for the changing 

current and voltage values of ac power. 
Power saver switch: A switch that disconnects heaters in 

a refrigeration cabinet. 
ppm: See Parts per million. 
Precooler condenser: Used to cool the refrigerant prior to 

entering the main condenser. 
Pressure: Energy impact on a unit area; force or thrust on 

a surface. 
Pressure, absolute: See Absolute pressure. 
Pressure, atmospheric: See Atmospheric pressure. 
Pressure, back: See Back pressure. 
Pressure, gauge: Pressure above atmospheric pressure. 
Pressure, head: Force caused by the weight of a column or 

body of fluids. 
Pressure, operating: Pressure at which a system is operating. 
Pressure, suction: Pressure in low-pressure side of a 

refrigerating system. 
Pressure cycling switch: Pressure-controlled switch 

located on the inlet line of the evaporator to prevent 

rapid cycling of the compressor. 
Pressure drop: Pressure difference at two ends of a circuit 

or part of a circuit. 
Pressure gauge: Instrument for measuring the pressure 

exerted by the contents on its container. 
Pressure limiter: Device that remains closed until a certain 

pressure is reached, then opens and releases fluid to 

another part of system or breaks an electric circuit. 
Pressure motor control: Device that opens and closes an 

electrical circuit as pressures change. 
Pressure regulator, evaporator: Automatic pressure 

regulating valve mounted in the suction line between 

the evaporator outlet and the compressor inlet. Its 

purpose is to maintain a predetermined pressure and 

temperature in the evaporator. 
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Pressure switch: Switch operated by a change in pressure. 
Pressure water valve: Device used to control water flow. 

It is responsive to head pressure of refrigerating 

system. 
Pressure-heat diagram: Graph of refrigerant pressure, 

heat, and temperature properties. {Mollier's diagram). 
Pressure-Operated Altitude (POA) valve: Device that 

maintains a constant low-side pressure, independent of 

altitude of operation. 
Primary air: In a combustion system, the air mixed with 

fuel prior to ignition. 
Primary coil: A tube-and-fin circular coil that contains a 

water-glycol solution, which surrounds the ignitor and 

burner. This coil is used in a water-glycol gas forced-air 

furnace. 
Primary control: Device that directly controls operation of 

hearing system. 
Process tube: Length of tubing fastened to hermetic unit 

dome, used for servicing unit. 
Product heat load: Sum of specific, latent, and respiration 

heat loads. 
Products of combustion: The material produced when a 

substance is burned. 
Propane: Volatile hydrocarbon used as a fuel or as a 

refrigerant. 
Proportional: Being in the proper relative quantity or 

balance. 
Protector, circuit: Electrical device that will open an 

electrical circuit if excessive electrical conditions occur. 
Proton: Particle of an atom with a positive charge. 
psi: Pounds per square inch. 
psia: Pounds per square inch absolute. Absolute pressure 

equals gauge pressure plus atmospheric pressure. 
psig: Pounds per square inch gauge. 
Psychrometer: Instrument for measuring the relative 

humidity of atmospheric air. Also called Wet Bulb 

Hygrometer. 
Psychrometric chart: Chart that shows relationship 

between the temperature, pressure, and moisture 

content of the air. 
PTC: See Positive temperature coefficient thermistor. 
Puffback: The ignition of vaporized oil in the firepot. 
Pulley: Flat wheel with a "V" groove. When attached to a 

drive and drive members, the pulley provides a means 

for driving the compressor. 
Pulse: Term referring to one cycle of ignition and combus- 
tion of a gas-air mixture in a pulse combustion furnace. 
Pulse combustion process: Repeated ignition of a gas and 

air mixture in a high efficiency gas furnace. 
Pulse furnace: Furnace that has a "tuned" (resonant) 

combustion chamber. Part of the energy normally lost 

through the flue is returned to start next "pulse" of 

combustion. 
Pump: Any one of various machines that force gas or 

liquid into — or draw it out of — something as by 

suction or pressure. 
Pump, centrifugal: Pump that produces fluid velocity and 

converts it to pressure head. 



Pump, fixed displacement: A pump in which the displace- 
ment per cycle cannot be varied. 

Pump, reciprocating single-piston: A pump having a 
single reciprocating (moving up and down or back and 
forth) piston. 

Pump, screw: Pump having two interlocking screws rotat- 
ing in a housing. 

Pump down: The act of using a compressor or a pump to 
reduce the pressure in a container or a system. 

Purging: Releasing compressed gas to the atmosphere for 
the purpose of removing contaminants. 

Pyrometer: Instrument for measuring high temperatures. 



Quenching: Submerging a hot object in cooling fluid. 
Quick-connect coupling: A device that permits easy and 
fast connecting of two fluid lines. 



R-U, Trichlorofluoromethane: Low-pressure, synthetic 
chemical refrigerant that is also used as a cleaning 
fluid. 

R-12, Dichlorodifluoromethane: Popular refrigerant 
known as Freon 12. 

R-22, Chlorodifluoromethane: Low temperature refriger- 
ant with boiling point of -41 °F (— !t0.5°C) at atmos- 
pheric pressure. 

R-113, Trichlorotrifluoroethane: Synthetic chemical 
refrigerant that is nontoxic and nonflammable. 

R-160, Ethyl chloride: Toxic refrigerant now seldom used. 

R-170, Ethane: Low-temperature refrigerant. 

R-290, Propane: Low-temperature refrigerant. 

R-500: Refrigerant that is an azeotropic mixture of R-12 
and R-152a. 

R-502: Refrigerant that is an azeotropic mixture of R-22 
and R-115. 

R-503: Refrigerant that is an azeotropic mixture of R-23 
and R-13. 

R-504: Refrigerant that is an azeotropic mixture of R-32 
and R-115. 

R-600, Butane: Low-temperature refrigerant; also used as 
a fuel. 

R-611, Methyl formate: Low-pressure refrigerant. 

R-717, Ammonia: Popular refrigerant for industrial refrig- 
erating systems; also a popular absorption system 
refrigerant. 

R-value: The thermal resistance of a given material. 

Radial commutator: Electrical contact surface on a rotor, 
perpendicular to the shaft centerline. 

Radiant heating: Heating system in wlnich warm or hot 
surfaces are used to radiate heat into the space to be 
conditioned. 

Radiation: Transfer of heat by heat rays. 

Range: Pressure or temperature settings of a control; 
change within limits. 

Rankine scale: Name given the absolute (Fahrenheit) 
scale. Zero (0°R) on this scale is -460*E 
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Reactance: That part of the impedance of an alternating 
current circuit due to capacitance or inductance or both. 

Receiver heating element: Electrical resistance heater 
mounted in or around liquid receiver. It is used to 
maintain head pressures when ambient temperature is 
low. 

Receiver-drier: Cylinder (container) in a refrigerating 
system for storing liquid refrigerant and desiccant. 

Reciprocal: Inverse. 

Reciprocating: Back and forth motion in a straight line. 

Reciprocating compressor: A compressor driven by piston 
(positive displacement). 

Reclaiming: Taking refrigerant that has been removed 
from a system and processing it in accordance with 
EPA rules. 

Recording ammeter: Electrical instrument that uses a pen 
to record the amount of current flow on a moving 
paper chart. 

Recording thermometer: Temperature measuring instru- 
ment that has a pen marking a moving chart. 

Recovery: Removal of refrigerant from a system. 

Rectifier, electric: Electrical device for converting ac to dc. 

Recuperative coil: Secondary coil in glycol-water forced- 
air furnace that extracts latent heat from combustion 
gases. 

Recycling: Passing of flue gases from combustion in a 
furnace to a secondary heat exchanger to remove latent 
heat. 

Reed valve: Compressor valve consisting of a thin, flat, 
high-carbon alloy steel. 

Refractory: A material with a high melting point. 

Refractory cement: A variety of mixtures used to line 
furnaces. 

Refrigerant: Substance used in refrigerating mechanism. 
It absorbs heat in evaporator by change of state from a 
liquid to a gas, and releases its heat in a condenser as 
the substance returns from the gaseous state back to a 
liquid state. 

Refrigerant charge: Quantity of refrigerant in a system. 

Refrigerant control: Device that meters flow of refrigerant 
between two areas of a refrigerating system. It also 
maintains pressure difference between high-pressure 
and low-pressure side of the mechanical refrigerating 
system while unit is running. 

Refrigerant dye: Coloring agent that can be added to 
refrigerant to help locate leaks in a system. 

Refrigerant jets: A jet pump that sprays refrigerant into 
the condenser. 

Refrigerant Management System: A refrigerant recov- 
ery/recycling unit. 

Refrigerant quality: Ratio of liquid refrigerant to refriger- 
ant vapor. 

Refrigerant transfer unit: Machine designed to safely 
remove refrigerant from a system. 

Register: Combination grille and damper assembly cover- 
ing a duct opening. 

Relative density: Ratio of the mass of a volume of gas 
compared to the mass of the same volume of hydrogen. 



Relative humidity: Ratio of (difference between) amount 

of water vapor present in air to greatest amount possi- 
ble at same temperature. 
Relay: An electromagnetic mechanism moved by a small 

electrical current in a control circuit. It operates a valve 

or switch in an operating circuit. 
Relief valve: Safety device on a sealed system. It opens to 

release fluids before dangerous pressure is reached. 
Reluctance: A force working against the passage of 

magnetic lines of force (flux) through a magnetic 

substance. 
Remedy: A procedure whereby refrigerants are prepared for 

reuse by returning them to new product specifications. 
Remote controller: Energy control device capable of 

controlling multiple devices. It can be located away 

from the devices it is controlling. 
Remote power element control: Device with sensing 

element located apart from operating mechanism it 

controls. 
Remote system: Refrigerating system in which condens- 
ing unit is away from space to be cooled. 
Remote temperature-sensing element: Control device 

used to maintain desired temperature. 
Repair: To restore, to remedy. 
Reprocessing: Procedure whereby refrigerants are 

prepared for reuse by returning them to new product 

specifications. 
Repulsion-start induction motor: An electric motor that 

has an electrical winding on the rotor for starting 

purposes. 
Resistance: An opposition to flow or movement. A coeffi- 
cient of friction. 
Resistance (R), electrical: The difficulty electrons have 

moving through a conductor or substance. 
Resistor: Electrical device that is a poor conductor of 

electricity and produces a given amount of resistance 

to current flow. 
Restrictor: A device for producing a deliberate pressure 

drop or resistance in a line by reducing the flow area. 
Retrofit: Term used in describing reworking an older 

installation to bring it up-to-date with modern equip- 
ment or to meet new code requirements. 
Reverse cycle defrost: Method of heating evaporator for 

defrosting. Valves move hot gas from compressor into 

evaporator. 
Reversing valve: Device used to reverse direction of the 

refrigerant flow, depending upon whether heating or 

cooling is desired. 
Ringlemann scale: Device for measuring smoke density. 
Riser valve: Device used to manually control flow of 

refrigerant in vertical piping. 
Rotary blade (vanes) compressor: Mechanism for pumping 

fluid by revolving blades inside cylindrical housing. 
Rotary compressor: Mechanism that pumps fluid by 

using rotating motion. 
Rotor: Rotating or turning part of a mechanism. 
Run capacitor: A device that dissipates heat generated by 

a motor. 
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Running time: Amount of time a condensing unit is run 

per hour or per 24 hours. 
Running winding: Electrical winding of motor that has 

current flowing through it during normal operation of 

motor. 



Saddle valve (tap-a-line): Valve body shaped so it may be 

silver-brazed or clamped onto a refrigerant tubing 

surface. 
Safety can: Approved container of not more than five- 
gallon capacity with a spring-closing lid and spout 

cover. It is designed to relieve internal pressure safely 

when exposed to fire. 
Safety control: Device to stop refrigerating unit if unsafe 

pressure, temperatures, or dangerous conditions are 

reached. 
Safety interlock switch: A switch that, when activated, 

prevents a piece of interlocked equipment from 

operating. 
Safety motor control: Electrical device used to open the 

circuit to the motor if temperature, pressure, or current 

flow exceed safe conditions. 
Safety plug: Device that will release the contents of a 

container before rupture pressures are reached. 
Safety valve: Self-operated, quick opening valve used for 

fast relief of excessive pressures. 
Saturation: Condition existing when substance contains 

all of another substance it can hold. 
Scale: A coating of deposited material. 
Scale-free system: A system that eliminates deposits in 

condensers by picking up electrical energy from water, 

allowing deposits to be carried through the system and 

disposed. 
Scavenger pump: Mechanism used to remove fluid from 

sump or container. 
Schrader valve: Spring-loaded device that permits fluid 

flow in one direction when a center pin is depressed and 

in other direction when a pressure difference exists. 
Scotch yoke: Mechanism used to change reciprocating 

motion into rotary motion or vice versa. Used to connect 

crankshaft to piston in refrigeration compressor. 
Screw compressor: Compressor constructed of two mated 

revolving screws. 
Scroll compressor: A compressor that uses the interaction 

of two spiral coils (scrolls) to compress a vapor. 
Seal, shaft: Device used to prevent leakage between shaft 

and housing. 
Sealed unit: See Hermetic system. Motor compressor 

assembly in which motor and compressor operate 

inside sealed housing. 
Seasonal Energy Efficiency Ratio (SEER): A measure of 

cooling capacity. 
Seat: That portion of a valve mechanism against which 

the valve presses to effect shutoff . 
Secondary air: Air added to a flame after ignition to 

maintain combustion. 



Secondary refrigerating system: Refrigerating system in 
which the condenser is cooled by the evaporator of 
another (primary) refrigerating system. 
Seebeck effect: When two different adjacent metals are 
heated, an electric current is generated between the 
metals. 
SEER: See Seasonal Energy Efficiency Ratio. 
Selective absorber surface: Surface used to increase the 

temperature of a solar collector. 
Self-inductance: Magnetic field induced in a conductor 

carrying current. 
Semiconductor: A class of solids whose ability to conduct 
electricity ties between that of a conductor and an 
insulator. 
Semihermetic compressor: Hermetic compressor with 

service valves. 
Sensible heat: Heat that causes a change in temperature of 

a substance. 
Sensor: Material or device that goes through physical or 

electronic change as surrounding conditions change. 
Separator, oil: Device to separate refrigerant oil from 

refrigerant gas and return the oil to the compressor 

crankcase. 
Sequence controls: Group of devices that acts in series 

(one after another) or in time order. 
Sequential operating control: A series of 'Controls used in 

a preset order. 
Serpentine belt: Drive belt that assumes many winding 

forms. Both sides of the belt transmit power. Only one 

serpentine belt is needed, eliminating the number of 

belts needed to drive accessories. 
Service valve: Manually-operated valve mounted on 

refrigerating systems used for service operation. 
Serviceable hermetic: Hermetic unit housing containing 

motor and compressor assembly by use of bolts or cap 

screws. 
Servicing: Performing the manual work needed to correct 

a problem. 
Servo: A servomotor supplies power to a servomech- 

anism. A servomechanism is a low-power device 

(electrical, hydraulic, or pneumatic) used to put in 

operation and control a more complex or powerful 

mechanism. 
Shaded-pole motor: Small ac motor designed to start 

under tight loads. 
Shell and coil condenser: Condenser consisting of a coil of 

tubing housed in a shell. Similar to a shell and tube 

condenser. 
Shell and tube condenser: Condenser consisting of a shell 

filled with copper tubes, through which hot water 

circulates. Vapors in the shell condense, and the shell 

serves also as a receiver. 
Shell-and-tube flooded evaporator: An evaporator that 

uses water flow (through tubes built into cylindrical 

vessels). 
Short circuit: Electrical condition where part of circuit 

touches another part of circuit and causes all or part of 

current to take wrong path. 
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Short cycling: Refrigerating system that starts and stops 

more frequently than it should. 
Shroud: Housing over condenser, evaporator, or fan. 
Shunt: Type of field coil with a specific resistance placed 

in parallel with an ammeter. 
SI Metric System (he Systeme International d'Unites): 

Metric system of measurement adopted by most 

technical industries throughout the world. 
Sick Building Syndrome (SBS): In a building, conditions 

existing that may result in human illness. 
Sight glass: Glass tube or glass window in refrigerating 

mechanism. It shows amount of refrigerant or oil in 

system and indicates presence of gas bubbles in liquid 

line. 
Silica gel: Absorbent chemical compound used as a drier. 

When heated, moisture is released and compound may 

be reused. 
Silicon-controlled rectifier (SCR): Electronic semiconduc- 
tor that contains silicon. Controls current by timing 

pulses. 
Silver brazing: Brazing process in which brazing alloy 

contains some silver. 
Sine wave: Wave form of single frequency alternating 

current. 
Single-pass recycling machine: A recycling machine in 

which the refrigerant is passed through a filter-drier 

once. 
Single-phase motor: Electric motor that operates on 

single-phase alternating current. 
Single-pipe system: System of steam heating in which a 

single pipe carries steam to radiator and is also used as 

a condensate return. 
Single-pole, double-throzv switch, (SPDT): Electric switch 

with one blade and two contact points. 
Single-pole, single-throiv switch, (SPST): Electric switch 

with one blade and one contact point. 
Single-stage compressor: Compressor having only one 

compressive step between inlet and outlet. 
Skin condenser: Condenser using the outer surface of the 

cabinet as the heat radiating medium. 
Sleeve covers: The top opening cover on an ice cream 

cabinet. 
Sling psychrometer: Measuring device with wet and dry 

bulb thermometers. Moved rapidly in air, it measures 

relative humidity. 
Slip ring lubricating method: A lubricating method in 

which a brass ring lubricates the bearing. 
Slug: 1 — Unit of mass equal to the weight of object (in 

pounds) divided by 32.2 (acceleration due to the force 

of gravity). 2 — Detached mass of liquid or oil which 

causes an impact or hammer in a circulating system. 
Slugging: Condition in which a mass of liquid enters the 

compressor, causing hammering. 
Smoke test: Test made to determine completeness of 

combustion. 
Snow making: The process of producing artificial snow by 

means of a water spray into which compressed air is 

added, creating a fine mist that freezes rapidly. 



Solar cell: Device that converts solar radiation directly to 
electricity. Also known as a Photovoltaic cell. 

Solar collector: Device used to trap solar radiation, 
usually using an insulated black surface. 

Solar energy: Energy contained in sunlight. 

Solar energy systems: Systems used to collect, convert, 
and distribute solar energy in forms useful within a 
business or residence. A passive system uses no 
additional energy from other sources for the distribu- 
tion of the solar generated heat. An active system may 
use blowers, supplementary coils, etc. 

Solar heat: Heat created by energy waves from the sun. 

Soldering: Joining two metals by adhesion of a metal with 
a melting temperature of less than 800 °F (427°C). 

Solenoid valve: Electromagnet with a moving core. It 
serves as a valve or operates a valve. 

Solid fuel heating: The use of solid natural resources such 
as wood or coal to provide heat. 

Solid-state electronic relays: See Electronic relays. 

Solubility: The tendency of a substance to dissolve in 
anothersubs tanc e . 

Solution: A liquid that has another liquid or solid 
completely dissolved in it. A lithium bromide water 
solution, commonly used in absorption systems, is 
water with lithium bromide dissolved in it. "Strong" 
and "weak" solutions are those with respectively high 
and low concentrations of another liquid or solid. 

So fie: Sound loudness rating. 

Sound tracer: Instrument that helps locate sources of sound. 

South Pole, magnetic: That part of magnet into which 
magnetic flux lines flow. 

Specific gravity: Weight of a liquid relative to water. 

Specific heat: Ratio of quantity of heat required to raise 
temperature of a body 1° to that required to raise 
temperature of equal mass of water 1°. 

Specific heat capacity: The amount of heat required to 
change a given mass of a substance from one tempera- 
ture to another. 

Specific volume: Volume per unit mass of a substance. 

Splash system, oiling: Method of lubricating moving 
parts by agitating or splashing oil in the crankcase. 

Split system: Refrigeration or air conditioning installation 
that places condensing unit outside or away from 
evaporator. Also applicable to heat pump installations. 

Split-phase motor: Motor with two stator windings. Both 
windings are in use while starting. One is disconnected 
by centrifugal switch after motor attains speed. Motor 
then operates on other winding only. 

Spray cooling: Method of refrigerating by spraying expend- 
able refrigerant or by spraying refrigerated water. 

Squirrel cage: Fan that has blades parallel to fan axis and 
moves air at right angles or perpendicular to fan axis. 

Standard air: Air having a mass density of 0.075 lb. /ft 3 
(1.204 kg/m 3 ), a temperature of 70 a F {21 °C), and a 
pressure of 30" Hg (760 mm Hg). 

Standard atmosphere: Condition when air is at 14.7 psia 
pressure, at 68°F (20°C) temperature and a relative 
humiditv of 36%. 
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Standard conditions: Used as a basis for air conditioning 
calculations: temperature of 68°F (20°C), pressure of 
29.92" of mercury (Hg), and relative humidity of 30%. 
Standing pilot: Old system of furnace burner ignition, in 

which a pilot light is constantly burning. 
Start capacitor: A capacitor used in the starting winding 

only. 
Starting relay: Electrical device that connects and discon- 
nects starting winding of electric motor. 
Starting winding: Winding in electric motor used only 

briefly while motor is starting. 
Starve: Condition in which there is not enough refrigerant 

reaching the evaporator. 
Static electricity: Electricity at rest. 
Static head: Vertical piping run. 
Static system: A system in which air is circulated through 

the condenser by natural convection. 
Stationary blade compressor: Rotary pump that uses a 
nonrotating blade inside pump to separate intake 
chamber from exhaust chamber. 
Stator, motor: Stationary part of electric motor. 
Steam: Water in vapor state. 
Steam heating: Heating system in which steam from a 

boiler is piped to radiators. 
Steam jet refrigeration: Refrigerating system which uses a 
steam venturi to create high vacuum (low pressure) 
on a water container causing water to evaporate at 
low temperature. 
Steam trap: Automatic valve that allows condensate to 

pass while preventing passage of steam. 
Sterling cycle: A refrigeration cycle that can produce 

temperatures down to -450°F (-268 a C). 
Stethoscope: Instrument used to detect sounds and locate 

their origin. 
Strainer: Device such as a screen or filter used to retain 

solid particles while Liquid passes through. 
Stratification: Condition in which there is little or no air 

movement in room; air lies in temperature layers. 
Stroke: The distance traveled by a piston. 
Subcooling: Cooling of liquid refrigerant below its 

condensing temperature. 
Sublimation: Condition where a substance changes from 

a solid to a gas without becoming a liquid. 
Substance: Any form of matter or material. 
Suction line: Tube or pipe used to carry refrigerant gas 

from evaporator to compressor. 
Suction pressure control valve: Device located in the 
suction line that maintains constant pressure in evapo- 
rator during mnning portion of cycle. 
Suction service valve: Two-way, manually operated valve 
located at the inlet to compressor. It controls suction 
gas flow and is used to service unit. 
Suction side: Low-pressure side of the system extending 
from the refrigerant control through the evaporator to 
the inlet valve of the compressor. 
Superheat: 1— Temperature of vapor above its boiling 
temperature as a liquid at that pressure. 2— The differ- 
ence between the temperature at the evaporator outlet 



and the lower temperature of the refrigerant evaporat- 
ing in the evaporator. 
Superheater: Heat exchanger arranged to take heat from 
liquid going to evaporator and use it to superheat 
vapor leaving the evaporator. 

Surge: Regulating action of temperature or pressure 
before it reaches its final value or setting. 

Surge tank: Container connected to the low-pressure side 
of a refrigerating system which increases gas volume 
and reduces rate of pressure change. 

Swaging: Enlarging one tube end so the end of another 
tube of the same srze will fit within it. 

Swamp cooler: Evaporative type cooler in which air is 
drawn through porous mats soaked with water. 

Swash plate: Device used to change rotary motion to recip- 
rocating motion. Used in some refrigeration compressors. 

Sweating: 1 — Condensation of moisture from air on cold 
surface. 2— Method of soldering in which the parts to 
be joined are first coated with a thin layer of solder. 

Sweet water: Term sometimes used to describe tap water. 

Synchronous speed: A speed equal to that of a rotating 
magnetic field. 

Synthetic: Produce through synthesis, not natural occurring. 

Synthetic dust weight arrestance: Measurement of filter's 
ability to remove synthetic dust from test air. 

T 

Tail pipe: Outlet pipe from the evaporator. 

Tandem: A term used to identify a system that connects 

two motor compressors at the motor end. 
Tank, supply: Separate tank connected directly or by a 

pump to the oil-burning appliance. 
Tap (screw thread): Tool used to cut internal threads. 
Temperature: 1— Degree of harness or coldness as 
measured by a thermometer. 2— Measurement of speed 
of motion of molecules. 
Temperature sensing bulb: Bulb containing a volatile fluid 
and bellows or diaphragm. Temperature increase on 
the bulb causes the bellows or diaphragm to expand. 
Temperature-humidity index: Actual temperature and humid- 
ity of air sample compared to air at standard conditions. 
Test light: Light provided with test leads. Used to test or 
probe electrical circuits to determine if they are 
working properly. 
Therm: Quantity of heat equal to 100,000 Btu. 
Thermal conductivity: The ability of a material to transfer 

heat. 
Thermal precipitation: The collection of dirt around 

warm air grilles. 
Thermal relay (hot wire relay): Heat-operated electrical 
control used to open or close a refrigeration system 
electrical circuit. This system uses a resistance wire to 
convert electrical energy into heat energy. 
Thermal resistance: See R-value. 
Thermistor: A semiconductor with electrical resistance 

that varies with temperature. 
Thermocouple: Device that generates electricity, using the 
principle that if two unlike metals are welded together 
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and the junction is heated, a voltage will develop across 
the open ends. 

Thermodisc defrost control: Electrical switch with bimetal 
disc controlled by temperature changes. 

Thermodynamics: Part of science that deals with the 
relationships between heat and mechanical action. 

Thermoelectric refrigeration: Refrigerator mechanism that 
depends on Peltier effect. Direct current flowing 
through an electrical junction between unlike metals 
provides heating or cooling effect, depending on direc- 
tion of current flow. 

Thermometer: Device for measuring temperatures. 

Thermomodule: Number of thermocouples used in paral- 
lel to achieve low temperatures. 

Thermopile: Number of thermocouples used in series to 
create a higher voltage. 

Thermostat: Device which senses ambient temperature 
conditions and, in turn, acts to control a circuit. 

Thermostat droop: Added heat in line-voltage thermostat 
produced by the thermostat itself. 

Thermostatic control: Device which operates system or 
part of system based on temperature change. 

Thermostatic expansion valve (TEV): Control valve 
operated by temperature and pressure within evapora- 
tor. It controls flow of refrigerant. Control bulb is 
attached to outlet of evaporator. 

Tliermostatic motor control: Device used to control 
cycling of unit through use of control bulb. Bulb reacts 
to temperature changes. 

Tliermostatic switch: A switch controlled by temperature 
changes. 

Thermostatic valve: Valve controlled by temperature 
change response elements. 

Thermostatic water valve: Valve used to control flow of 
water, actuated (made to work) by temperature differ- 
ence. Used in units such as water-cooled compressors 
and condensers. 

Three-phase: Operating by means of combination of three 
alternating current circuits that differ in phase by one- 
third of a cycle. 

Three-way valve: Flow control valve with three fluid flow 
openings. 

Throttling: Expansion of gas through orifice or controlled 
opening without gas performing any work as it 
expands. 

Throw: The distance air travels from a grille before 
slowing to 50 ft. /minute. 

Timed On-Off control: Control needed when the existing 
differential is too great. 

Time-delay fuse: A fuse that does not blow until the 
overload has persisted for a set duration of time 
(normally about 10 seconds). 

Timers: Clock-operated mechanism used to control 
opening and closing of an electrical circuit. 

Timer-thermostat: Thermostat control which includes a 
clock mechanism. Unit automatically controls room 
temperature and changes temperature range depend- 
ing on time of day. 



Ton of refrigeration: Refrigerating effect equal to the 
melting of 1 ton of ice in 24 hours. This may be 
expressed as follows: 288,000 Btu/24 hr., 12,000 Btu/ 
1 hr., 200 Btu/min. 

Ton refrigeration unit: Unit that removes same amount of 
heat in 24 hours as melting of one ton of ice. 

Torque: Turning or twisting force. 

Torque, full load: Maximum torque delivered without 
overheating. 

Torque, stall: Torque developed when starting. 

Torque, starting: Amount of torque available to start and 
accelerate the load. 

Torque wrench: Wrench which may be used to measure 
torque or pressure applied to a nut or bolt. 

Ton: A unit of pressure equal to 1/760 of an atmosphere 
(1 mm Hg), normally used for measuring vacuum 
pressure. 

Total air balance (TAB); In an air circulation system, 
adjusting the system so that all rooms receive the 
proper amount of air. 

Total Energy Management (TEM): Conservation concept 
where a building is looked at in terms of its total energy 
usage, rather than analyzing the requirements of 
separate systems. 

Total heat: Sum of both the sensible and latent heat. 

Toxicity: A measure of the amount of poison in a 
substance or the amount of harm it can cause. 

Transducer: Device turned on by a change of power from 
one source for the purpose of supplying power in 
another form to a second system. 

Transformer: Electromagnetic device that transfers electri- 
cal energy from the primary circuit into variations of 
voltage in a secondary circuit. 

Transformer-rectifier: Combination transformer and recti- 
fier in which input ac current may be varied and then 
rectified into dc current. 

Transistor: Electronic device commonly used for amplifi- 
cation. Similar in use to electron tube. Depends on 
conducting properties of semiconductors in which 
electrons moving in one direction are considered as 
leaving holes that serve as carriers of positive electric- 
ity in opposite direction. 

Transmission: Heat loss or gain from a building through 
exterior components such as windows, walls, or floors. 

Triac: Three-lead semiconductor that allows current flow 
in two directions when a preset voltage is applied at 
one of the leads. 

Trichlorotrifluoroethane: Complete name of R-113. Group 
Al refrigerant in common use. Chemical compounds 
that make up this refrigerant are chlorine, fluorine, and 
ethane. 

Triple point: Pressure-temperature condition in which a 
substance is in equilibrium (balance) in solid, liquid, 
and vapor states. 

Troposphere: Part of the atmosphere immediately above 
the earth's surface in which most weather changes 
occur. 

Troubleshooting: The analysis of a problem. 
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Truck, refrigerated: Commercial vehicle equipped to 

maintain cool temperatures. 
Tube-wifhtn-a-tube condenser: Water-cooled condensing 

unit in which a small tube is placed inside a large unit. 

Refrigerant passes through the outer tube, water passes 

through the inner tube. 
Tubing: Fluid-carrying thin-walled pipe. 
Twin parallel: Two or more units installed in line by piping. 
Two-pipe system: A heating system in which one pipe 

delivers steam to radiators and a second pipe is used to 

return condensate. 
Tioo-position On-Off control: A control system in which 

the control device can only start and stop the equipment. 
Two-stage vacuum pump: A vacuum pump used to remove 

vapor and moisture from a system. 
Two-temperature valve: Pressure-opened valve used in 

suction line on multiple refrigerator installations that 

maintains evaporators in system at different temperatures. 
Two-way valve: Valve with one inlet port and one outlet 

port. 



U 

Ultrasonic: Having a frequency above the range of human 

hearing. 
Ultraviolet: Invisible radiation waves with frequencies 

shorter than wave lengths of visible light and longer 

than X rays. 
Unitary system: A factory assembled heating/ cooling 

system in one package and usually designed for condi- 
tioning one space or room. 
Universal motor: Electric motor that will operate on either 

ac or dc. 
Unloader: A device that allows for easier compressor 

start-up by temporarily reducing high-side pressure at 

the cylinder head. 
Upflow furnace: A furnace in which air is forced up 

through the furnace from the bottom. 
Urethane foam: Type of foam insulation that is placed 

between the inner and outer walls of a container. 
U-value: Represents the heat leakage from one side of a 

wall to the other. 



Vacuum: Pressure lower than atmospheric pressure. 

Vacuum activators: Dampers and control valves used in 
automotive air conditioning system; controlled by the 
vacuum created by engine intake manifold vacuum. 

Vacuum control system: Intake manifold vacuum is used 
to operate dampers and controls in some automobile 
systems. 

Vacuum pump: Device used for creating vacuums for 
testing or drying purposes. 

Valve: Device used for conttolling fluid flow. 

Valve, expansion: Type of refrigerant control that 
maintains constant pressure in the low side of refriger- 
ating mechanism. Valve is caused to operate by 



pressure in low or suction side. Often referred to as an 
automatic expansion valve, or AEV. 
Valve, service: Device used to check pressures and charge 

refrigerating systems. 
Valve, solenoid: Valve made to work by magnetic action 

through an electrically energized coil. 
Valve, suction: Valve in refrigeration compressor that 
allows vaporized refrigerant to enter cylinder from 
suction line and prevents its return. 
Valve, water: In most water cooling units, a valve that provides 

a flow of water to cool the system while it is running. 
Valve plate: Part of the compressor located between the 
top of compressor body and the head. It contains 
compressor valves and ports. 
Vapor: A gas that is often found in its liquid state while in 

use. The preferred name for vaporized refrigerant. 
Vapor, saturated: Vapor condition that will result in conden- 
sation into droplets of liquid if temperature is reduced. 
Vapor barrier: Thin plastic or metal foil sheet used to prevent 

water vapor from penetrating insulating material. 
Vapor lock: Condition where liquid is trapped in a line 
because of a bend or improper installation. Such vapor 
prevents liquid flow. 
Vapor pressure: Pressure imposed by a vapor. 
Vapor pressure curve: Graphic presentation of various 
pressures produced by refrigerant under various 
temperatures. 
Vapor recovery method: A refrigerant recovery system 
using relatively small equipment to remove refrigerant 
from residential, automobile, and light commercial units. 
Vapor velocity: Speed or rate at which a gas moves. 
Vaporization: Change of liquid into a gaseous state. 
Variable Air Volume (VAV) controller: Device having 
electronic components used to regulate the volume of 
air in a distribution system. 
Variable control: A control that can make gradual adjust- 
ments to equipment, as opposed to a simple on-off 
control. 
Variable pitch pulley: Pulley that can be adjusted to 

provide different pulley drive ratios. 
VAV: See Variable air volume. 
V-belt: Belt commonly used in refrigeration work with a 

contact surface and pulley in a V-shape. 
Velocimeter: Instrument that measures air speeds. 
Velocity: Quickness of motion; swiftness; speed. Change 

in position with respect to time. 
Ventilation: Airflow from one area to another. 
Vibration absorbers: Soft or flexible substance or device 

that will reduce the transmission of a vibration. 
Viscosity: Resistance to flow. 
Vmax: Maximum (peak) voltage in alternating current 

cycle. 
Volatile: Easily vaporized; a liquid that changes to the 

gaseous state readily. 
Voltage: 1— Term used to indicate the electrical potential or 
electromotive force in an electrical circuit. 2 — Voltage 
or electrical pressure which causes current to flow. 
3 — Electromotive force. 
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Voltmeter: Instrument for measuring voltage in electrical 
circuit. 

Volumetric efficiency: Term used to express the relation- 
ship between the actual performance of a compressor 
or of a vacuum pump and theoretical performance of 
the pump based on its displacement. 

Vortex tube: Mechanism for cooling or refrigerating that 
accomplishes cooling effect by releasing compressed 
air through a specially designed tube. 

Vrms: Root mean square voltage; average voltage equal to 
the maximum voltage multiplied by a constant. 

W 

Walk-in cooler: Larger, commercially refrigerated space. 
Often foimd in supermarkets or wholesale meat distri- 
bution centers. 

Water coil: A coil submerged in water to take advantage 
of the water's temperature. 

Water defrosting: Use of water to melt ice and frost from 
an evaporator. 

Water hammer: Noise generated by back pressure of 
water when a valve is closed. 

Water spray: A filtering device in which air is blown through 
a spray of water, removing solid contaminants, liquid 
contaminants, and water-soluble gas contaminants. 

Water-cooled condenser: See Condenser, water-cooled. 

Watt: Unit of electrical power. 

Wax: An ingredient in many lubricating oils that may 
separate from the oil. 

Wet bulb hygrometer: See Psychrometer. 

Wet bulb temperature: Measure of the degree of moisture. 
It is the temperature of evaporation for an air sample. 



Wet cell battery: Cell or connected group of cells that 
converts chemical energy into electrical energy by 
reversible chemical reactions. 

Wet roof cooling: Method of heat reduction in a building 
in which a pond of water is kept on the roof at all times. 
Heat from the sun is dissipated through the evapora- 
tion of water, so the roof surface remains cool. 

Wlieatstone bridge: Electronic circuit consisting of resis- 
tors and a thermistor. A temperature change causes the 
bridge to become unbalanced, which sends a signal to 
the output device. 

Wick system: Lubricating method used in external-drive 
motors. 

Wind chill index: A measure of how cold it feels, based on 
dry bulb temperature and wind velocity. 

Window unit: Air conditioner that is placed in a window. 

Wobble plate: See Swash plate. 

Work: A force applied over a distance. 

Work hardening: Increasing the strength of a material 
(normally a metal) by bending and deforming it. 



Zeotropic: A refrigerant blend, comprised of various 

refrigerants, that changes in volumetric composition 

and saturation temperature when used. 
Zero ice: Trade name for dry ice. See Dry ice. 
Zone controls: Controls used to maintain each specific 

area or zone within a building at a desired condition. 

This is a type of distribution control often used in 

hydronic heating system. 
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A filter, noise, 756 

A scale, noise, 756, 757 

abbreviations and symbols, review, 57 

SI metric units, 57 
VS. conventional units, 57 
above-atmospheric-pressure remote temper- 
ature sensing elements, 316 
abrasives, 96 
absolute pressures, 38 
absolute temperature scales, 
Kelvin and Rankine, 29-30 
absolute zero, 29 
absorbents, 
solid, 124, 457 

using to remove liquids from air, 904 
absorber, 

continuous absorption systems, 122, 688 
absorber surfaces, solar, 971-972 
absorbers, noise, 755 
absorption, 686 

continuous- cycle, 122—124 
absorption cycle air conditioning systems, 
lithium bromide (LiBr) water solution, 779 
operation, 779 
pumps, 779 
absorption systems, 

air conditioning and heating, 702-704 
chiller, 702 
cooling cycle, 705 
heating cycle, 703, 705 
dealing, 692 
commercial, 702 
air conditioners, 696 
heating and cooling, 702 
using lithium, bromide as an absorber, 

702 
using water as a refrigerant, 702 
continuous systems, 122, 686, 687-688, 689 
absorber, 122, 688 
ammonia, 123-124, 687, 688, 689 
applications, 686 
automatic flame re-light, 693 
construction, 689-692 
controls, 693-694 
electronic ignition, 693 
flame size, 693 
gas burner, 693 
heat energy, 693 
heating gas valves, 693 
igniting fuel gas, 694, 695 
manual shutoff valve, 693 
pressure-regulating valve, 693 



safety shutoff valve, 693, 694 
strainer, 693 
thermocouple, 693-694 
tilt control system, 694 
cooling process operation, 123-124, 689 
Dalton's principle, 688 
defrosting, 689, 691 

hot gas method, 689 
efficiency, 686 
fundamentals, 122, 685, 686 
gas supply, 693 
connections, 693 
liquid petroleum (LP) gas, 693 
manufactured gas, 693 
natural gas, 693 
generator, 687, 688 
heat sources, 686, 689-692 
electrical, 686 
kerosene, 686 
natural gas, 686 
solar energy, 686 
steam, 686 
hydrogen, 123, 687-688, 689 
installation, 692 
airflow space, 692 
city codes, 692 
safety, 692 
intermittent, 120-122, 686 
ammonia, 686 
fuse plug, 687 
generation, 687 
operation, 120-122, 686-687 
Supexfex, 686 
Trukold cycle, 686 
liquid absorbent, 120-124, 686 
lithium bromide system, 706 
evacuation, 706 
servicing, 706 
testing for leaks, 706 
typical charge, 706 
using helium to test for leaks, 706 
using R- 13 to test for leaks, 706 
main sections, 
absorber, 122, 689 
condenser, 122, 689 
evaporator, 122, 689 
generator (boiler), 122, 689 
mobile homes, 686, 696 
cooldown rime, 696 
heating elements, 696 
installation, 696 
safety 696 
operation, 122-124, 685 



portable refrigerators, 695-696 
self-contained, 695 
using propane cylinder, 695-696 
pressure regulating valves, 694-695 
gas flow, 694 
LP gas, 694 
principles and applications, 120-124, 

685-707 
refrigerators, 

servicing, 704, 706 
residential air conditioners, 696-702 
capacity characteristics, 700 
chilled water system, 696, 697 
construction, 699-700 
control circuit power, 700 
electromagnetic ignition, 700 
gas and water single unit, 699 
installation, 699-700 
piping, 699-700 
processing ammonia, 696—699 
pump, 696 

ammonia, 696, 697, 698 
self-contained unit construction, 700 
service, 701-702 
review of safety, 706 

safety with ammonia, 701 
service valves, 701, 702 
solar en erg}' units, 702 
total energy systems, 963-965 
types, 685-686, 689, 691 
liquid absorbent, 686 
solid adsorbent material, 686 
use in recreational vehicles, 686, 696 
water, 120, 687, 688, 689 
with pump, 688-689 
aqueous ammonia solution, 688 
generator, 689 
heating system, 689 
absorption unit for air conditioning and 

heating, 702, 703 
absorption- type chillets, 

chilled water systems, 951 
access valves, 

commercial refrigerant piping, 581 
accumulator, 

compression cycle, 134 
receiver, 1066 
safety device, 134 
suction line, 125, 529, 927 
acetylene, 73 
acidic oil, 

cleanup safety, 361, 460, 618 
compressor burnouts, 460, 618 
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active solar energy systems, 842, 971 
additives, 
fuel oil, 821 
refrigerating oil, 170 
adhesive filters, 904, 905 

checking with manometer, 905 
Class 1, 905 
Class 2, 905 
testing, 905 
adiabatic compression, 49, 338, 1131 

refrigeration cycle, 649 
a di aba tic expansion, 338 
adjusting controls, 308-309 
cut-in adjusting screw, 308 
cut-out adjusting screw, 308 
step- one, cut-out adjustment, 308 
step-two, cut-in adjustment, 308 
adsorber, 189 
adsorption, 189, 686 

gas cross-charged sensing element, 
188-189 
adsorption systems, 
solid, 686 
Michael Faraday, 124, 686 
AEV. See automatic expansion valve 
AFUE (Annual Fuel Utilization Efficiency) 

rating, 796 
air, 

atmosphere, 728 

composition (gases and substances), 728 
contaminants, 728 
dew point, 735-736 
heat, 874 

humidity, 729-731 
controls, 730, 731 
desiccants, 730 
hygrometers, 729, 730 
hygroscopic substances, 730 
indicators of low humidity, 729 
measurement, 729-730 
thermo-humidigraphs, 731 
hydronic heating system, 818 
indoor contaminants, 747-750 
ionosphere, 728 
lower atmosphere, 728 
Newton's laws of motion, 888 
outdoor contaminants, 744-746 
physical properties and behavior, 728-729, 
873-875 
Bernoulli's Equation, 728 
circulation, 875 
density, 728 
heat in, 874 
kinetic energy, 728 
pressure, 728 
specific heat, 728 
stratification, 874, 875 
ventilation requirements, 875-877 
weight, 728, 873-874 
psychrometric properties, 732-735 
relative humidity, water vapor saturation 

curve, 729 
stratosphere, 728 
temperature, 731-732 
dry bulb temperature (db), 731 

psychrometric charts, 733-735 
measurement, 731 
wet bulb temperature, 731-732 
troposphere, 728 
velocity measurement, 736-739 
ventilation, 
air changes, 877 
attic, 877 
basement, 877 

calculating fresh air requirements, 876 
cleaning impurities, 876 
determining, 876, 877 



negative pressure, 876 
oxygen content, 875 
positive pressure, 875, 876 
requirements, 875-877 
weight, 728, 873-874 
Boyle's law, 873, 1129-1130 
Charles' law, 873, 1130 
standard atmospheric pressure, 873 
air as refrigerant (R-729), 354 
air change heat loads, commercial, 636-637 
Charles' law, 636 
infiltration, 637 

total heat to be removed (chart), 637 
volume values (chart), 637 
air circulation, 875 
increasing airflow, 875 
primary air, 875 
return air duets, 875 
room air movement, 875 
systems, 875 
throw, 875 
air circulation systems, 
continuous forced air, 875 
gravity, 875 

intermittent forced air, 875 
relative humidity control, 947-948 
duct systems, 947 
four-pipe systems, 947-948 
two-duct systems, 947 
air cleaning, 903-911 
absorbents, 904 
clean rooms, 910 
deflector plates, 904 
dirt on wails and drapes, 910 
electronic air cleaners, 

servicing, 908-909 
filters, 904-910 
adhesive, 904, 905 
carbon, 904, 909-910 
efficiency, 904 
electronic air cleaners, 904 
cleaning, 906, 907 
electrostatic filler, 906 
ionizing air, 906-907 
location, 906, 907, 908 
parts, 908 
schematic, 907 
theory of cleaning, 906-908 
wiring diagram, 907 
throwaway, 904-905 
heat recovery ventilation system, 907, 908 
odor removal, 910 
removing gases and vapors, 
chemical reaction, 904 
condensation, 904 
dilution, 904 
removing liquids, 904 
removing solids, 903-904 
settlement chambers, 904 
thermal precipitation, 910 
ultraviolet light, 910-911, 929 
installation and location, 910-911 
lamp life, 911 
ozone production, 911 
water sprays, 910 
air coil, heat pump systems, 924-925 
air conditioners, 
central, 775-778 

commercial absorption systems, 696 
console, 865-869 
heat load, 1045 
packaged terminal, 864-865 
portable, 715 
remote, 869 

residential absorption systems, 696-702 
capacity characteristics, 700 
drilled water system, 696, 697 



construction, 699-700 

control circuit power, 700 

electromagnetic ignition, 700 

gas and water single unit, 700 

installation, 699-700 

piping, 699-700 

processing ammonia, 696-699 

pump, 696 

ammonia, 696, 697, 698 

self-contained unit, 700, 855 

service, 701-702 
room, 773-775 

basic parts, 773 

electric heat, 775, 776 

operation, 774-775 

schematic, 775 

through the wall, 773 

window, 773 
systems, 936-948 
spot cooling, 715 
window units, 856-864 
air conditioning, 

ASHRAE definition, 727 
mobile (vehicle), 378-379 
air conditioning and heating, 
absorption systems, 702-704 

chiller, 702 

cooling cycle, 705 
heating cycle, 703, 705 

solar energy units, 702 
comfort cooling controls, 1013-1015 

limit controls, 1015 

thermostats, 1014, 1015 
control circuits, 1006 
control systems, 983-1032 
controllers, 983, 1000-1002 

feedback, 1001 
controls, 259, 261, 983 

airflow, 1017-1018 

variable air volume, 1018 

distribution, 1018-1022 

pneumatic systems, 1018 
electric heat controls, 1011 
electronic cleaner controls, 1017 
fan controls, 1005 
gas furnace controls, 1006-1010 

combination gas valve (CGC), 1007 

electric ignition, 1007 

electric interlocks, 1006 

electronic circuits, 1008 

flame sensor, 1006-1007 

flame size, 1008 

main gas line valves, 1007 

modulator /regulator valve, 1009 

remote temperature selector, 1009 

sensors, 1006-1007 
humidity controls, 1015-1017 

electrical system, 1016 

humidistat, 1016, 1017 
hydronic system controls, 1013 
infrared heat controls, 1011-1013 
limit controls, 1000, 1004-1005 
lockout relay, 1002 
modulating controls, 1001 
oil furnace controls, 1010-1011 
operating controls, 1000 
primary controls, 1000, 1002-1004 
relays, 1001-1002 
safely review, 1030 
sequential operating controls, 1004 
thermostats, 984-999 
air conditioning and refrigeration (ACR) 

tubing, 61 
air conditioning and refrigeration industry, 

20 
areas of, 20 
educational requirements, 22 
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Air Conditioning Contractors of America 

(ACCA), 1111 
Air Conditioning Excellence (ACE) HVAC 

Exam, 1110 
air conditioning fundamentals, 727-760 

review of safety, 758 
air conditioning systems, 
absorption cycle, 779 
lithium bromide (LiBr) water solution, 
779 
air-to-air heat pump, 768-770 
automotive, Sec also automotive air condi- 
tioning and heating systems 
components, 785 
problems, 785, 786 

use of magnetic clutch, 785-786, 1060 
complete, 962 
evaporative condensers, 779-780 

components, 779-780 
evaporative cooling, 784—785 
controls, 784-785 
ponded roof, 784 
roof spraying, 784 
swamp cooling, 784 
use in greenhouse, 784-7S5 
wet roof cooling, 784 
geothennal heat pump, 771-772 
heat pipe, 721-722 

heating and cooling loads, 1033-1055 
ice-based systems, 962-963 
outside, 962 

steam jet cooling, 781-782 
capacity, 781 

operation, 718, 719, 781-782 
water as a refrigerant, 781 
through-the-wall, 962 
unitary system, 962 
vortex tube cooling, 717, 782-784 
cooling of protective suits, 783-784 
manual control, 784 
air curtains, 
applications, 717, 911 
display cases, 554 

frozen food open display cases, 556 
air dampers, 887 

controlling airflow, 887 
installation, 887-888 
air defrosting, 496 
air distribution, 
air circidation, 875 
air ducts, 877-892 

air properties and behavior, 873-875 
automotive, 1071-1073 
basic ventilation requirements, 875-877 
review of safety, 911-912 
air ducts, 877-900 
airflow, 878 
automotive, 1072-1073 
balancing the system, 899-900 
free area, 899 

total air balance (TAB), 899 
calculating air volume for cooling, 895 
calculating air volumes for heating, 

893-895 
calculations, 895-900 
methods, 896 

total pressure drop system, 896, 

897-398 
unit pressure drop system, 896-897 
carrying capacity (round /rectangular), 

' 878, 879 
classifications, 877 
conditioned, 877 
fresh, 877 
recirculating, 877 
shapes, 877, 878 
construction, 882-886 



asbestos, 884 

fabric joints, 882 

gauge thickness, 885 

Indoor Air Quality (IAQ), 885, 886 

insulation, 884 

joints, 882, 883, 884 

length alteration, 882 

materials, 882 

noise reduction, 884 

placement, 885 

rivet tool, 882, 883 
dampers, 887-888 
designs, 880 
determining perimeter of 

rectangular ducts, 878 

round ducts, 878 
diffusers, 886 
drafts, 892-893 

air speed, 893 

location of air returns, 893 
duct systems, 878, 879-882 
elbows, 888 
false ceilings, 878, 882 
fans, 888-892 

adjusting speed, 891 

axial flow (propeller), 889-890 

cleaning, 892 

determining capacity (formula), 890 

forced draft, 889 

induced draft, 889 

measuring fan performance, 891 

pressure conditions, 888-889 

radial flow (centrifugal), 889-890 
fire dampers, 888, 889 
grilles, 886 
insulation, 878 
location, 878 
maintenance, 892 
noise, 892 

overhead plenum design, 881 
painting, 892 

perimeter loop system, 881 
registers, 886 
return air, 875, 878 
return systems, 878 
sizing, 893-900 

smoke detectors in relation to, 892 
special duct problems, 892, 893 
supply systems, 878 
air evaporators, commercial, 134, 654 

capacities, heat transfer, 655 
air heat pump, 841 
air measurement, 900-903 

combustion efficiency, 901-903 

digital analyzer, 902 

measuring CO, 902 

measuring C0 2 , 901, 902 

oil burner testing, 902, 903 

slide indicators, 902 

smoke test, 902-903 
drafts, 900-901 

control, 901-903 

stack temperatures, 901 
stack thermometers, 901 

detection, using, 

ammonium chloride, 900 
smoke generator, 900-901 
smoke guns, 901 
smoke sticks and candles, 901 
titanium tetrachloride, 900 
zinc stearate, 901 
grilles, 900 
instruments, 

anemometer, 900 

barometer, 752, 783, 900 

hot wire anemometer, 900 

manometer, 752, 900 



micromanometer, 900 
pitot tube, 738, 900 
rotating anemometer, 737 
smoke as a velocity indicator, 900 
visible airflow indicators, 900-901 
air movement, 736-740 

importance in conditioned space, 736 
velocity measurement, 736-739 
correction factors, 738, 739 
methods, 737-738 
units of, 736, 737 
ventilation, 739-740 
Air Movement and Control Association 
(AMCA), 
radial flow (centrifugal) fans, classes, 890 
air quality, 744-750 

comfort conditions, 753-758 
commercial and residential systems, 

750-752 
indoor (IAQ), 746-747 
building related illnesses (BEI), 747 
contaminants, 747-750 
multiple chemical sensitivity (MCS), 747 
sick building syndrome (SBS), 746 
NIOSH criteria and exposure limits, 744 
OSHA Permissible Exposure Limits (PEL), 

744 
outdoor air contaminants, 744-746 
ozone, 746 
pollen, 746 
air removal, 

commercial systems, 586 
hermetic systems, deep vacuum, 465, 466 
air speed, drafts, 737, 893 
air stratification, 743, 874 
eliminating, 874 
location of grilles, 874 
location of thermostats, 874 
air temperature, 731, 732 
climate, 741-742 
dry bulb temperature, 731 
wet bulb temperature, 731 
air volume, 

calculating for cooling, 895 
calculating for heating, 893-895 
determining duct size, 893, 894 
determining velocity, 894 
formula, 894 
heat load, 893 

recommended temperatures, 893 
specific heat, 893 
Air-Conditioning and Refrigeration 

Institute (ARI), 1111 
air-cooled condensers, commercial, 480-486, 
487-490, 667 
calculating capacities, 667 
installing, 603 
outdoor, 487-490 

servicing controls, 621-623 
removing, 602 
repairing, 602-603 
servicing, 602 
air-cooled console air conditioners, 865 
air-cooling evaporators, commercial, 496, 
654 
capacities, 657 
forced -circulation, 657 
theory of operation, 654 
aircraft, 

dry ice refrigeration, 118 
airflow, air ducts, 878 
airflow controls, 1017, 1018 
pneumatic systems, 1018 
airflow in ducts, (friction chart), 897 
airflow indicators (visible), 
air measurement, 900-901 
airflow pattern, display cases, 555, 556 
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air-to-air heat pump systems, 768-770, 
915-916 

advantages of, 770 

auxiliary electric heaters, 770 

cooling cycle, 769-770 

de-idng controls, 770 

heating cycle, 768-770 

part of ductless air conditioning system, 
770 

remote control, 770 
alarms, 1027 
alcohol, 

brine, 1136 

cleaning fluid, 97 

thermometers, 28 
alignment, belts, 289 
all-metal beverage evaporator, commercial, 

500 
allowable velocities, refrigerant suction 

lines, 676 
alternating current (ac), 209 

cycles, 217 

motor capacitors, 267 

pulse wave and digital control signals, 210 
alternative heating systems, 841-842 

air heat pump, 841 

regeneration, 842 

geo thermal heat pumps, 841 

solar, 842 

solid fuel, 841-842 
altitude, 

adjustment, 310-311 

effect on refrigeration temperatures, 310 
alumina, 

using activated alumina with potassium 
permanganate to remove odors, 910 
alumina gel, solid driers, 457, S42, 1129 
aluminum, 

blade (vane) construction, 161 

evaporators, repairing, 462 

oxide, 96 

tubing, 61, 75 
ambient, 

compensator, 386, 387 

motor temperature, 277-278 

temperature, 49, 277-278, 309 
correction, 986 

refrigeration cycle (water or air), 645 
refrigerator and freezer controls, 309 
AMCA (Air Movement and Control 

Association), 890 
American Society of Heating, Refrigerating 
and Air Conditioning Engineers, See 
ASHRAE 
American Standards Association (ASA), 

pipe fittings and sizes, 76 
ammeter, 216 
ammonia, 

chilled water systems, 696 

continuous absorption systems, 687, 688, 689 

oontinuous-cyde absorption system, 123, 124 

detecting leaks, absorption refrigerator 
systems, 706 

intermittent absorption system, 120-122, 
686-687 

processing, residential air conditioners, 
696-699 

safety with, 352, 701 

solid absorbent refrigeration, 124, 125 

steel tubing, 40 

strong solution, 687 

weak solution, 687 
ammonia as a refrigerant. See R-717 
amperage relays, 320 
ampere, 215 
amplifiers, 239 

noise factors, 892 



anemometers, 612, 737 

air measurement instruments, 900 

hot wire, 737 

rotating, 737 
angular measurement, degrees, 35 
annealed, 61 
annealing tubing, 68 

Annual Fuel Utilization Efficiency (AFUE) 
rating, 796 

gas furnace efficiency, 796 
anticipator, 299, 993, 994 
antifoam inhibitor, 1133 
antifreeze, closed water system, 

solar energy storage, 974 
aqueous ammonia solution, continuous 

absorption systems, 688 
arc, measurement, 35 
area, 

calculating cabinet, 638-642 

door, walls, windows, 1039, 1040 

equivalents, 1116 

measurement, 33, 34 
argon as a refrigerant (R-740), 354 
ARI (Air Conditioning and Refrigeration 

Institute), 1111 
ARM (azeotropic refrigerant mixture), 344 
armature, electric generator, 230 
articulated connecting rods, 146 

external-drive compressors, 146 
ASA (American Standards Association), 76 
asbestos, 747 

air duct construction, 884 

removal, 747 
ASHRAE, 1111 

comfort health index (CHI) chart, 753, 754, 
755 

definition of air conditioning, 727 

safety classifications (chart), 339 

Standard 62-1989, diagnosing indoor air 
contamination, 748 
ASTM specifications, fuel oils, 820 
atmosphere, 728 
atmosphere (unit), 38 
atmosphere cooling, principles of, 853 
atmospheric dust spot efficiency, 749 
atmospheric injection, gas burners, 794 
atmospheric pressure, 37, 38 

weight of air at standard, 873 
atom, 1122 
atomized fuel, oil-fired forced-air heating 

systems, 765 
atomized fuel oil, 821 
attachment plug configurations (terminals), 

252 
attic ventilation, 877 
A-type evaporator, 937, 938, 939 
automatic control systems (automotive), 
1071-1072, 1074-1078 

compressor protection and control 
switches, 1077 

cycling and thermostatic switches, 1077-1078 

electronic control diagnostics, 1076-1077 

HVAC controller, 1074-1076 
automatic defrost, 390 
automatic defrost controls, 324-326, 320-524 

clock, 324 

controlling defrosting interval, 324 

electric timer, 324, 325, 326 

no-frost, 325 

number of times door is opened, 324 
automatic defrosting, 689 
automatic expansion valve (AEV or AXV), 
108, 142, 143 

automatic refrigerant flow controls, 177 

bellows, 178 

bypass, 180 

design, 178 



diaphragm, 178 

frost backs, 178 

principles, 178-180 

refrigerant control, 108 

refrigerant controls, 178-180 

refrigerant flow control, 140, 142 

valve body, 178 
automatic flame re-light, 

continuous absorption systems, 693 
automatic ice makers, 115, 563-564 

cabinet insulation, 564 

capacity, 564 

controls, 310-314 
commercial, 519 
service procedures, 310 
signal arm, 314 

domestic refrigerator-freezer, 
design, 401, 403 
solid-state, 401 
voltage requirements, 401 

fill cycle, 609 

freeze cycle, 609 

harvest cycle, 609 

operation, 563-564 

servicing, 609 

spray tubes, 609 
automatic refrigerant flow controls, 

automatic expansion valve (AEV), 177, 
178-180 

capillary tube (Cap. Tube), 177, 200-202 

high-pressure side float, 177, 200 

low-pressure side float, 177, 199-200 

thermal-electric expansion valve (THEXV), 
177, 189 

thermostatic expansion valve (TEV), 177, 
180-189 
automotive air conditioning (and heating) 
systems, 785-786, 1057-1084 

air conditioner cycle, 1057 

air distribution, 1071-1073 

charging, 1081-1082 

components, 785, 1060-1071 

control systems, 1073-1078 

cooling capacity; 1059 

electrical systems, 1071 

heater cycle, 1057-1058 

heater operation, 1058 

insulation, 1073 

maintenance, 1082-1083 

oil in the system, 1080-1081 

operating conditions, 1059-1071 

operation, 785-786, 1058-1059 

problems, 785, 786 

review of safety, 1083 

servicing, 1078-1083 

truck and bus air conditioning, 1078 

use of magnetic clutch, 78.5-786, 1060 
auxiliary electric heaters, air-to-air heat 

pumps, 770 
auxiliary evaporators, 553 
axial flow (propeller), fans, air ducts, 889-890 
AXV, See automatic expansion valve 
azeotropic refrigerants, 344-349 

blends, 337 

mixture (ARM), 344 

properties of, 344 

R-500, 344, 346, 347 

R-502, 346, 348 

R-503, 348 

R-507A, 348, 349 

safety, 344 

B 

backward-inclined, radial flow (centrifugal) 

farts, 890 
bacteria, 

outdoor air contaminants, 745 
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baffles, 

commercial evaporator installations, 652 
bakeries, 

applications, 565-566 
humidity control, 566 
balance point, 

heat pumps combined with liquid solar 
collectors, 929 
balancing systems, 
air ducts, 899-900 
condensing unit, 633, 634 
evaporator, 633 
heat loads, 634 
total system, 633 
bar, 38 
barometers, 752 

air measurement, 752, 900 
mercury, 38, 91 
principles of operation, 38-39 
baseboard, electric resistance heating, 
designs, 838-839 
natural convection, 838 
safety switch, 839 
thermostatically-operated, 839 
baseboard heaters, 

supplementary electric heating, 836 
basement, 

exhaust fans, 877 
heat loss, 1042 
ventilation, 877 
basic arithmetic, 30-32 
basic units or digits, 30, 31 
rounding numbers, 31, 32 
basic forced air components, 792, 793 
basic heating and air conditioning systems, 

761-788 
basic refrigeration systems, 103-130 
batt insulation, 1050 
battery, 207 

back up, electronic thermostat, 997 
Baudelot, 

evaporators, 658 
water-cooled condensers, 688 
bearings (motor), 287 
overheating, 287 
servicing, 287 
BeaufoTt Scale, 742 
bellows, 178 

thermostats, 985 
bellows automatic expansion valve, 178-179 
bellows-operated low-pressure control, 317 
below-atmospheric-pressure remote 

temperature sensing elements, 316 
belt tensioner, 1065, 1066 
belts, 288-290 

outside length, 288-289 
serpentine belt, 289, 290, 1065 
servicing, 1078-1079 
standard widths, 289 
V-belt, 289, 1065 
bending tubing, 64-66 
bending spring, 65 
gear-type, 65 

triple-size tube bender, 66 
Bernoulli's Equation, 728 
beverage coolers, 499-500 
bimetal, 301 

damper, use on chimneys, 803 
disc, motor internal overload and 

overheating protection, 276 
motor protection, 275 
strip, 
temperature control device, 301-302 
thermometer, 88 
switches, 275 
thermostat, 302, 985 
bioaerosols, 747 



Building Related Illnesses, 747 
Legionnaire's disease, 747 
preventative maintenance, 747 
blade (vane), 

rotating blade compressors, construction, 
161 
blades, 

hacksaws, 88 
radial (impellers), 165 
blank flange, 600 
blank off plates, 942, 944 
bleed valve, 184, 186 
blends, 337 
blowbacks, 

oil furnaces, 822, 832 
blower evaporators, 496, 654, 655 
blowers, 1072 
blown fuse, 274 

boilers, hydronic radiant heating, 811 
gas-fired, 763 
preparation, 819 
boiling temperature at atmospheric 

pressure (chart), 53 
bolts, 77-82 
bonnet, 761 

safety thermostat, 985 
Bourdon tube, 90 

pressure gauges, 90 
Boyle's law, 1129, 1130 
compression cycle, 133 
pressure limiters, 191 
refrigeration cycle, saturated vapor, 648 
weight of air, 873 
brass fittings, 69 
brass tubing, 62 
brazed joint, cleaning, 75 
brazing, 69-70, 71, 73-75 
cleaning brazed joints, 75 
equipment, 577, 578 
oxy acetylene, 73-75 
repairing leaks, evaporators, 462 
breaker strips, 336, 337 
breaking the vacuum, 469 
BRI. See Building Related Illnesses 
brine, 41 
and sweet water, 51 
freezing temperatures, 1136, 1137 
liquid-cooling immersed evaporators, 

499-500 
nonfreezing solution defrost systems, 

508-509 
spray units, 657 
British" thermal unit (Btu), 28, 43 

calculating for electrical resistance heating, 
837 
bromotrifhiorome thane (R-13B1), 336 
brushes, 96 

dc current generators, 231 
brushless motors, 281 

electronic variable speed motors, 281 
Btu. See British thermal unit 
bubble solutions, 

refrigerant leak detection, 445, 446 
bubblers, water coolers, 563 
Building Related Illnesses (BRI), 747 
bioaerosols, 747 
causes, 747 

Legionnaire's disease, 747 
symptoms, 747 
building surfaces, 

sun heat load fundamentals, 741 
buildings, heat sources, 1043-1044 
built-up terminals, hermetic motor, 272 
bunker (grocery cabinet), 550 
burners, 

gas, 763, 793, 794-795 
gun-type oil, 765, 766, 821 



pump, 825-826 

ignition systems, 804-805 

kerosene, 686 
burnouts, motor, 459-460 

cleanup, 460 

servicing, 618-619 
butane, 

as a refrigerant (R-600), 352 

manufactured fuel gases, 791 
butter conditioner, 410-411 
butterfly air dampers, 887 
bypass, 

automatic expansion valve, 180 

controls (console air conditioners), 867 

cycle, 664-665 
hot gas bypass, 506-507, 665 
liquid bypass, 665 



cabinets, 

bakery, reach-in, 565-566 
calculating area, 638-642 
calculating volume, 640-641 
commercial construction, 547 
console air conditioners, 865-868 
domestic chest-type freezer, 401-407 

Amana, 405, 406, 407 

Frigidaire, construction, 403-404 
domestic freezer, 381 

insulation, 382 
domestic refrigerator, 381 

cold ban, 383 

insulation, 382, 383 

light switch, 383 

properties, 383 
domestic refrigerator- freezer, 

automatic defrost, 387, 390 

construction, 385 

frost-free, 394-395 

manual defrost, 384 

side-by-side, frost free, 397, 399, 400 
domestic upright freezer, 407-409 
florist, 552-553 
freezers, 

domestic chest-type, 401-407 

domestic upright, 407, 409 

Frigidaire domestic chest-type, 403 

Frigidaire domestic upright, 407 

Whirlpool domestic upright, 409 
frozen food storage, 556 

chest, 556 

construction, 556 

dew point, 556 

upright, 556 
gaskets, 412-413 
grocery, reach-in, 565-566 
hardware, 411-412 
ice accumulation in insulation, 410 
ice cream, 558 
ice makers, 564 

insulation, moisture and ice in the, 424 
refrigerator-freezer, 

automatic defrost, 387 

electric heater automatic defrost, 387 

hot gas automatic defrost, 390 

perimeter hot-tube system, 390, 392 
standard temperatures, 357, 358 
table of external areas and internal volumes, 

642 
thermometers, 413 
walk-in, 550-552 
water coolers, construction, 562 
cabinet- type humidifiers, 844, 846 
cadmium cell, 1010-1012 
calculating miscellaneous heat loads, 638 
calculations, air ducts, 895-900 
callback, 1086 
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calorie, 44 

heat measurement, 44 
capacitance, 209, 228 
capacitors, 209, 228, 429 

replacement (window units), 863 
running (oil-filled), 260, 261, 283 
servicing, 
polychlorinated biphenvl dielectric 

(PCB) fluid, 284 
safety, 284 
starting (electrolytic-dry), 260, 261, 283 
terminals, 260 
testing, 283-284, 429 
continuous operation, 283 
intermittent operation, 283 
safety, 284 
capacitor-start, capacitor-run motor, 268 

testing, 429, 430 
capacitor-start, induction-run motor, 
260-261 
capacitor terminals, 260 
capacitors, 260, 261 
centrifugal switch, 260 
testing, 429, 430 
capacity characteristics, 

residential air conditioner absorption 
systems, 700 
capillary tubes, 140-142, 200-202 

automatic refrigerant flow controls, 177 

capacities, 200-201 

determining capacity, 681, 682 

fittings, 202 

refrigerant control, 109-110 

capacity, 680, 681 
refrigerant flow control, 140-142 
service, 453-455 

servicing hermetic systems, 462-463 
checking for restricted system, 455—156 
correct installation, 455 
correct tube sizes, 453 
diagnosing component problems, 

453-455 
importance of correct amount of refriger- 
ant, 453 
incorrect Installation, 455 
procedure, 462 
sizes, window units, 863, 864 
system, 109 
carbon dioxide (C0 2 ), 
air composition, 728 
air contaminant, 748 
as a refrigerant (R-744), 339, 352 
combustion efficiency, 901-903 
products of fuel oil combustion, 821 
safety, 52, 118 
solid, 51, 118, 120 
carbon filters, 904 
applications, 909-910 
odor-removing devices, 552, 553 
recycling, 910 
carbon monoxide (CO), 

combustion efficiency, measuring, 902-903 
outdoor air contaminants, 745 
product of fuel oil combustion, 821 
carbon tetrachloride warning, 97 
care and calibration of gauges, 92 
career opportunities, 19, 20, 21 
carriers, noise factors, 892 
carrying capacity (round/rectangular), 

air ducts, 878, 879 
cascade refrigeration systems, 113-114, 
719-720 
commercial, 664 
cryogenics, 719 
industrial applications, 567 
refrigerants, 719 
case-hardened high carbon steel pistons, 1S1 



cases. See also cabinets 

display, 553 

double-duty, 553-554 

fast freezing, 558 

open display, 554, 555 

single-duty, 553 
casing, slator and rotor construction, 168 
cast iron, 

blade (vane) construction, 161 

compressor cylinders, 149, 150 

cylinder head, 152 

piston rings, 151 

rotary cylinder construction, 161 

stator and rotor, 168 

valve plate, 153 

V-belt pulleys, external-drive compressors, 
156 
caustic solution cleaning, 97 
ceiling heating, 839-840 
Celsius, 28-33 

cemf. See counter electromotive force 
center punch, 87 
central air conditioners, 

cooling operation, 776, 778 

heating operation, 776, 777 

humidity control, 775 

pilot light control, 776 
central air conditioning, 315 
central air conditioning controls, 

cooling, 315, 316 

dehumidification, 315 

electrostatic air cleaners, 316 

heat pump, 316 

heating, 315, 316 

humidification, 315, 316 

humidistat, 316 
central air conditioning systems, 936-948 

air circulation and relative humidity 
control, 947-948 

field-erected, 936, 940-942 
quick-connect couplings, 941-942 

four-pipe systems, 947-948 

residential, 
inspecting, 945-946 
installing, 942-945 
servicing, 946-947 

two -duct systems, 947 

unitary, 936-940 
A-type evaporators, 937, 938 
flat-type evaporators, 937 
methods of installation, 937-938 
slant-type evaporators, 937 
centralized computer control, 

energy management systems, 1026, 1028 

hybrid, 1028 

packaged, 1028 
centrifugal chiller systems, 954-955 
centrifugal compressors, 148, 165-168 

centrifugal force, 165 

chilled water systems, 952, 954-955 

flash vapor, 168 

hermetic centrifugal compressor, 168 

impellers, 165, 168 

rotor, 168 

stator and rotor construction, 168 
centrifugal force, 147, 165 

hermetic compressor, 147 

using to remove solids from air, 903 
centrifugal switch, 260 

centrifugal-type circulating pump, 812, 813 
centripetal force, 165 
certification types, 1107 

North American Technician Excellence 
(NATE), 1110 
CFC refrigerants, 

common, 336 

global warming potential (GWP), 365-366 



ozone depletion potential (ODP), 365 
CFCs. See chlorofluorocarbons; CFC 

refrigerants 
change-of-state, latent heat, 45-46 
charges, electrostatic, 209 
charging, 

automotive system, 1081-1082 

commercial systems, 586-588 

hermetic systems, 436-437, 448-452 
adding oil to system, 451-452 
compressor running tests, 449-450 
evacuation data, 450 
procedure, 449 
refrigerant recovery and evacuation, 

448-452 
with exact amount, 450 
with portable charging cylinder or 
digital scale, 450-451 

residential air conditioner, 701, 702 
Charles' Law, 1130 

air change heat loads, 636 

compression cycle, 133 

pressure limiters, 191 

refrigeration cycle, saturated vapor, 648 

weight of air, 873 
check valves, 202-203 

commercial, 526-528 

compression system refrigerant controls, 
202-203 

heat pump installations, 172 

multiple evaporator installations, 172 
chemical generating, electricity, 207 
chemical reaction, 

removing gases and vapors from air, 904 
chemical refrigeration, 117, 713 

See also expendable refrigerant refrigerating 
system 
chest-type freezers, 401, 403-107 

mechanical components and electrical 
circuits, 403-407 
Amana cabinet, 405-407 
Frigidaire cabinet, 403-405 
CHI. See Comfort Health Index 
chill factor, 742 
chilled water systems (chillers), 949-955 

absorption (residential), 696, 697 

centrifugal compressor chiller, 954^955 

commercial, 949-955 

components, 951-952 

compression crullers, 951 

compressors, 952-955 

cooling towers, 949 

motors, 951 

purge units, 952 

reciprocating compressor, 952-953 

rotary screw compressor, 953-954 

scroll compressor chillers, 953 
chillers, 949-951 

absorption systems, 702, 703, 705 

see also chilled water systems 
chimneys, 799, 801-803 

bimetal damper, 803 

Class A (masonry), 801 

Class B (double-wall metal), 801 

code requirements, 801 

construction, 801, 802 

effect of temperature, 801 

effect on system efficiency, 799 

fuel losses, 799 

gas furnace efficiency, 797 

metal flex liner, 801-802 

PVC, 801, 802, 803 

vent damper, 803 

venting exhaust gases, 799-805 
chlorodifLuoromethane. See R-22 
chlorofluorocarbons (CFCs), 336 

Clean Air Act, 366-367 
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chlorofluoro carbons (CFCs), Continued 
common refrigerants, 336 
EPA regulations, 335, 366-367 
equipment certification, 367 
recover / recycle / reclaim, 367 
technician certification, 367, 1105-1106 
global wanning, 365-366 
Montreal Protocol, 366 
ozone depletion potential (ODP), 365, 366 
ozone layer, 335, 365-366 
refrigerants to be phased out, 366 
release of, 335 
chlorotetrafluoroeshane. See R-124 
chlorotrifluoromethane (R-13), 336 
choke, 824 

circle measurement, 34 
circuit boards, 241 
circuit breakers, 250-231, 274-275 

electrical resistance heating systems, 768 
circuits, 

ampere, 215, 216 
circuit symbols, 211, 212, 213 
coulombs, 215 

electromotive force (emf), 212-215 
fundamentals, 210-222 
instrument connecting and handling, 222 
integrated, 240, 241 
Ohm's Law, 219-220 
ohms, 219 
parallel, 221 
power factor, 217, 218 
power loss, 222 
protection, 250-252 
attachment plug configurations (terminals), 

252 
switches, 252, 253 
wire sizes, 251-252 
resistance, resistors, 218, 219 
series circuits, 220, 221 
series parallel, 221 
servicing, 623-624 
shunt, 222 

voltage drop (IR), 221, 222 
watts, 217 
circuits and controls, electric, 295-333 
circulation, air, 875 
Clean Air Act, 366-367 
Section 608, 1107 
Section 609, 378 
clean rooms, 
air cleaning, 910 
requirements, 910 
technical characteristics, 1139 
cleaning external mechanisms, 

hermetic systems, 433 
cleaning motors, 

safety, 287 
cleaning solvents, 
alcohol, 97 

caustic solution cleaning, 97 
mineral spirits, 97 
oleum, 97 

patented cleaning fluids, 97 
safety, 97 

solvents, 1138-1139 
steam cleaning, 97 
vapor d ogre a sing, 97 
clearance space, 

compressor volumetric efficiency, 171 
pistons and piston rings, 150-152 
climate, 740-742 

air temperatures, 741-742 
degree days, 741 

formula, 741 
indoor, 740 
outdoor, 740 
skin temperatures, 741 



sun heat load fundamentals, 
building surfaces, 741 
effect of colors, 741 
radiant heat, 741 
weather, 740-741 
wind, 
Beaufort Scale, 742 
effects on heating systems, 742 
wind chill index (factor), 742 
closed circuit, 211-212 
closed water system, solar energy storage, 
973-974 
antifreeze, 974 
methods, 974 

storage tank capacities, 974 
closed-loop (feedback) control system, 298 
closed-loop geothermal heat-pump system, 
refrigerant-based, 916 
water-based, 916 
clutch, magnetic, 1060 
COj. See carbon dioxide 
coal and wood heating, 841, 842 
code installations, 571-572 
testing, 582-586 

for leaks, 585-586 
gauge manifold, 583-585 
code specifications, 

condensing units, 572-573 
installing refrigerant piping, 575 
coefficient of performance (COP), 664 
calculating, 683 

heat loads, air conditioner, 1045 
heat pumps, 920 

seasonal efficiency ratio (SEER), 681 
thermoelectric refrigeration, 715-716 
cogeneration, 

alternative heating systems, 842 
cold, 28 

preserving food, 28 
cold ban, 383 

cold chisels and punches, 86-87 
cold plate system, 713 
cold plates, evaporators, 657 

calculating cooling capacity, 658-659 
collectors, solar energy systems, 971 
angle, 972-973 
concentrator, 979 
covers, 972 

heat insulation of surface, 973 
surfaces, 971 
colloids, 382 
color coding system, 
for piping, 1138 
for resistors, 1125, 1126 
gauge manifold, 90 
ground wire, 244 
in this text, 26 
refrigerants, 335, 336 
combination, 

gas valve, forced-air heating systems, 

792-793 
heating and cooling, 864 
oil and gas furnaces, 822 
space and hot water heating, 798 
thermostats, 994-995 
Combined Annual Efficiency (CAE) ratio, 

high-efficiency furnaces, 798 
combustible refrigerants, 352 

ASHRAE Safety Classif ications, 352 
combustion, 
basic elements, 
fuel, 789, 790 
heat, 789 
oxygen, 789, 790 
gas flow, 821 
heating systems, 789-791 
incomplete, 790-791 



byproduct (carbon monoxide), 791 
percentages of air and fuel, 790 
process, 789 

products of fuel oil, 820, 821 
combustion blower motor, 

forced-aii heating systems, 792 
combustion chamber, 

oil furnaces, 822 
combustion efficiency, 901-903 
digital analyzer, 902 
measuring CO, 902 
measuring CO* 901, 902 
oil burner testing, 902, 903 
slide indicators, 902 
smoke test, 902-903 
comf OTt conditions, 

comfort health index (CHI), 753-754 
ASHRAE chart, 755 
ASHRAE recognition, 753 
comfort zones, 753, 754 
effective temperature (ET), 753 
noise, 754-758 

temperature-related illnesses, 
measurement of heat stress, 753 
thermal disorders, 753 
thermal shock, 753 
comfort cooling, 853-872 
commercial, 955-956 
console air conditioners, 865-869 
controls, 314-315, 1013-1015 
defrost, 314, 315 
humidity, 1015-1017 
limit, 1015 

pressurestats, 1013, 1014 
principles of operation, 1013-1015 
standard, 314 

thermostats, 314, 1013, 1014, 1015 
dehumidifying equipment, 869-870 
raultizone ductless split systems, 865 
packaged terminal air conditioners, 864-865 
remote systems, 855, 869 
central'air conditioning plant, 855 
condensing unit is remote, 855 
self-contained systems, 855 
comfort coolers, 855^870 
console units, 865-869 
multizone ductless split systems, 865 
package terminal units, 864-865 
principles of operation, 855-856 
window units, 855, 856-864 
Comfort Health Index (CHI), 753-754 
ASHRAE chart, 755 
ASHRAE recognition, 753 
comfort zones, 

comfort conditions, 753, 754 
commercial absorption systems, 
commercial air conditioners, 696 
heating and cooling, 702 
lithium bromide as an absorber, 702 
water as a refrigerant, 702 
commercial and residential air quality 
systems, 
barometers, 752 

principles of operation, 38-39 
functions, 750-752 
manometers, 752 
principles of operation, 39, 40 
scales, 752 
thermometers, 751-752 
digital, 752 
recording, 751 
thermo-hygrograph, 751 
wet globe, 751-752 
commercial evaporators, 496-504 
defrosting, 506-513 
defrosting cycle, 496, 497 
forced circulation, 497, 498 
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freezing dispenser, 504 

frosting, 496 
ice cube maker, 500-504 
installations, baffles, 652 
liquid-cooling, 499, 500 
mounting, 504-506 
nonfrosting, 497 
commercial heating systems, 

combination gas furnace and cooling 

systems, 794 
forced-air, 794 
commercial hermetic units, 478-480 
commercial loads, 
heat loads and piping, 

evaporator and condensing unit capacities, 
650-651 

thermodynamics of the refrigeration 
cycle, 645-650 
commercial refrigeration systems, 
assembling, 624-625 
periodic inspections, 625 
safer\' review, 629-630 
service, 

contracting, 628 

estimates, 628 

notes, 625 

summary, 625 
troubleshooting, 62-5-628, 669-670 

capillar}' tube, 626, 627 

direct expansion unit, 626, 627 

effect of air in system, 669 

effect of heat exchanger, 670 

effect of lack of refrigerant, 669 

excessive condensing pressure, 670 

excessive suction line pressure drop, 670 

low or no refrigeration, system runs 
continuously, 626 

no refrigeration, unit runs continuously, 
627 

noisy unit, 627-628 

normal or excess refrigeration, motor 
runs continuously, 627 

short cycling, 627 
commercial systems, 473-545 
air-cooled condensers, 487-490 

capacities, 667 

outdoor, 480-486, 490 
air-cooling evaporators, 654 

evaporator capacities, 657 

forced-circulation, 657 
applications, 54S-570 

automatic ice maker, 563-564 

dispensing freezers, 559-561 

display cases, 553-556 

fast-freezing case, 558 

frozen food storage cabinet, 556-558 

grocery cabinet (reach-in cabinet), 548-550 

ice cream cabinet, 558 

industrial, 567-568 

laboratory refrigerated incubators, 566, 567 

milk cooler, 565 

modular refrigeration systems, 562 

refrigerant-to-water heat recover)' 
system, 566 

review of safety, 568-569 

soda fountain, 559 

supermarkets, 548 

walk-in cabinet, 550-552 

water cooler, 562, 563 
bakeries, 565-566 

humidity control, 566 
bypass cycle, 664-666 

hot gas bypass, 665 

liquid bypass, 665 
cabinet construction, 547 
cascade system, 664 
charging,'586-588 



high-side method, 586, 588 

low-side method, 586, 587 
check valves, 526-528 
checking before starting, 586 
chilled water systems, 949-955 

components, 951-952 

compressors, 952-955 

cooling tower, 949 

motors, 951 

purge units, 952 
code installations, 571-572 

comfort cooling systems, 955-956 

testing, 582, 583 
commercial evaporators, 496-513 
complete mechanical mechanism, 474-478 
compressor, 

calculating volume, 662 

capacities, 662-664 

checking, 598 

external drive, 486 

hermetic, 486 

low-side pressure control valves, 532-533 

protection devices, 529-536 

removing, 600 

servicing, 600, 601 

specific volumes, 662 

stroke, 662 
condenser capacities, 666—669 

air-cooled, 667 

water-cooled, 667, 668 
condenser servicing, 601-606 

service valves, 536 
condensing unit capacities, 650-651 
construction of refrigeration components, 

473 
cooling towers, 492-495 

servicing, 608-609 
defrost timers, 520-524 
defrosting cycle evaporators, 496-497 
discharge line piping, 680 
dispensing freezers, 559-561 

adjustments, 561 

combination unit, 561 

construction, 563 

shake maker, 561 

temperature requirements, 559, 561 
display cases, 553-556 

auxiliary evaporators, 553 

double-duty, 553-554 

evaporators, 654 

glass-enclosed (display only), 553 

glass-enclosed with enclosed storage, 
553 

lighting, 553 

open display, 553, 554-556 

single-duty, 553 

temperatures, 553 
engine-driven, 543-544 
evacuating, 586 
evaporative condensers, 495 
evaporators, 496-513, 654-659 

area, 655-656 

capacities, 655, 657 

air evaporators, heat transfer, 655 
blower evaporators, U-vahie, 655 
heat transfer variables, 655-656 
liquid-cooling evaporators, 657 
natural convection evaporators, 655 
U- values, 655 

defrosting, 506-513 

design, 656-657 

installations, 651-659 

locations, 652-653 

mounting 504, 506 
fast-freezing cases, 558 
filter-driers (liquid line), 542-543 
filter- driers (suction line), 543 



florist cabinets, 552 

forced circulation evaporators, 497-498 

freezing dispenser evaporators, 504 

frosting evaporators, 496 

grocery cabinet (reach -in), 548-550 

bunker, 550 

construction, 550 

net capacity, 550 

temperature range, 550 
heat, effective latent, 645, 647 

effect of pressure on, 647-648 

of vaporization, 645 
heat exchangers, 513 
heat loads, 634-644 
heat loads and piping, 633-634 

balancing systems, 633-634 

calculating cabinet area, 638, 640 

calculating cabinet volume, 640-641 

determining, 634 

using tables, 643-644 

product, 637-638 

total, 633, 634 

determining using tables, 643-644 
formula, 643 
heat removal, product heat loads, 

latent, 637, 638 

respiration, 637, 638 

specific, 637, 638 
hermetic units, 478-480 
high-side service valve (HSV), 125 
ice cream cabinets, 558 
ice cream freezing and storage load,, 660-661 
ice cube maker evaporators, 500-504 
ice maker controls, 519 
ice maker servicing, 609 
industrial applications, 567-569 

cryogenic food freezing, 568 

locker plants, 567-568 

maintaining critical dew point, 567 

processing plants, 567 

storage of refrigerated foods, 568 
infiltration, 637 
installations, 571-572 
installing, 571-590 

electrical connections, 581-582 
laboratory refrigerated incubators, 566-567 
liquid receiver, 495-496 

service valve (LRSV), 125 

sizes, 669 
liquid -cooling evaporators, 499-500, 654 
manual installation valves, 537 
manual valves, 536-539 
milk coolers, 565 

bacteria growth, 565 

safe grounding, 565 

temperature requirements, 565 
milk dispensers, 565 
miscellaneous heat loads, 638 

calculating, 638 

electric motors (chart), 640 

occupancy (chart), 640 
modular refrigeration, 562 
motor contactors, 517-518 
motor controls, 513-518 
motor efficiency, 666 
motor sizes, calculating, 

heat input method, 666 

mean effective pressure (MEP) method, 666 
mufflers, 540 

noncode installations, 571, 572 
nonfrosting evaporators, 497 
oil control systems, 529-532 
outdoor air-cooled condensers, 480-486, 490 
packaged systems, 473, 475 
pressure motor control, 514 
pressure regulating valves, 524—528 
product heat loads, heat removal, 637 
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product heat loads, heat removal, Continued 
latent, 637, 638 
respiration, 637, 638 
specific, 637, 638 
reach-in cabinet (grocery), 548-550 
construction, 550 
net capacity, 550 
temperature range, 550 
refrigerant control capacity, 680-681 
capillar}', 680, 681 

determining capillary tube capacity, 681 
law pressure, 681 
TEV, 680, 681 
refrigerant controls, 513 
refrigerant leak repairs, 1108 
refrigerant lines, 539-543 
capacities, 671-676 
in multiple installations, 671, 675 
liquid velocities, 670, 671 
pressure drops, 671 

in R-12 liquid line, 675 
resistance, 671 
static head, 675 
refrigerant lines and piping, 670-684 
refrigerant suction line capacities, 676-678 
allowable velocities, 676 
oil return, 677 
oil slugging, 677 
orientations, 677 
pressure drops, 676 
problems, 678-680 
sizes, calculating, 678 
U-traps, 679, 680 
velocities, 676 
refrigerant-to-water heat recovery, 566 
refrigeration components, 473 
relief valves, 538-539 
riser valves, 537-538 
rooftop units, 956-962 
heat pumps, 956 
installing, 959-960 
servicing, 960-962 
safety motor controls, 514-517 
seasonal energy efficiency ratio (SEER), 

681-683 
servicing, 590-630 
equipment, 591 
general instructions, 591-592 
moisture in system, 594-596 
moisture removal, 595-596 
removing parts, 592-593 
removing refrigerant, 593-594 
sight glasses, 540-542 
soda fountains, 559 
compartments, 559 
cycle, 559 

ice dispenser, 559, 560 
schematic, 560 
sophisticated, 125 
filter-drier, 125 

high-side service valve (HSV), 125 
hot-gas bypass solenoid, 125 
liquid receiver service valve (LRSV), 125 
suction line accumulator, 125 
suction service valve (SSV), 125 
thermostatic expansion valve (TEV), 125 
special evaporators, 
Baudelot Cooler, 658 
brine spray units, 657 
calculating capacities, 658 
capacities, 657-659 
cold plates, 657 

calculating cooling capacity, 658-659 
intermediate refrigerant units, 657 
split systems, 473 
starting, 588-590 
storage cabinet, frozen food, 556 



chest, 556 
construction, 556 
dew point, 556 
upright, 556 
suction service valve (SSV), 125 
supermarkets, 548, 549 
condensing units, 548 
layout, 548 
surge tanks, 528 
system capacity, 661-662 
thermostatic motor control, 514 
two-stage compressor, 664 

compression ratio, 664 
two-temperature valves, 524-526 
vending machines, 
applications, 564—565 
controls, 519-520 

necessary components for vending, 565 
vibration absorbers, 540 
walk-in cabinets, 550-552 
construction, 550-552 
doors, 551, 552 
drainage, 552 

dual-temperature units, 551 
insulation, 551-552 
lighting system, 552 
use of ultraviolet lamps, 552, 910-911, 
water coolers, 562-563 
bubblers, 563 
cabinet construction, 562 
heat exchangers, 562 
heating service, 562, 563 
supply and drain connections, 562 
temperature settings, 563 
water valves, 533-536 
water-cooled condensers, 490-492 
capacities, 667-668 
capacities, formula, 668 
cooling towers, 668 
float valve water feed, 668 
water evaporation, 668 
water-cooling loads, 659-660 
calculating heat leakage, 660 
determining, 659-660 
specific heat load, formula, 660 
common wire, 278 

commutators and brushes, 232-233, 260 
complete air conditioning systems, 962 
complete mechanical mechanism, commercial, 

474-478 
complete-heat system, high-efficiency 
furnaces, 798 
design, 798, 799 
wiring diagram, 800 
compound gauges, 39, 92 
compound refrigeration systems, 111-113, 
719-720 
operation, 719 
three-stage, 720 
two-stage, 720 
compound system, 113 
compound (two-stage) pumps, 468 
compound wound, field windings, 
parallel, 272 
series, 272-273 
compression, 
adiabatic, 49, 338 
heat of, 49-50 
compression cycle, 131-134 
accumulator, 134 
Boyle's law, 133 
Charles' law, 133 
compressor, 135-136 
compressor low-side, 135 
evaporator, 134 
Hash gas, 134 
heat absorber, 132 



heat dissipator, 132 

high-pressure side (heat dissipator), 132 

high-side service valve, 136 

low-pressure side (heat absorber), 132 

low-side filter-drier, 134-135 

oil separator, 136-137 

operation of, 132 

suction line, 134 

low-side filter-drier, 134-135 
suction service valve (SSV), 135 
temperature and pressure conditions, 
132-134 
compression ratio, 172, 1118 
compression rings, pistons and piston 

rings, 150-152 
compression system refrigerant controls, 
177-203 
automatic expansion valve (AEV), 

108, 178-180 
capillary tube, 109-110, 200-202 
check valve, 202-203 
classes, 177 

comparing refrigerant controls, 202 
high-side float, 107, 200 
low-side float, 105-106, 199-200 
solenoid valve principles, 194-199 
suction pressure valves, 203 
thermostatic expansion valve (TEV), 108-109, 
180-194 
compression systems, 
accumulator, 134 
compression cycle, 131-134 
temperature and pressure conditions, 
132-134 
compressor, 135—136 
condenser, 137-139 
evaporator, 134 
laws of refrigeration, 131 
liquid line, 139 

filter-drier, 139 
liquid receiver, 139 
motor control, 145-146 
oil separator, 136-137 
refrigerant flow control, 140-145 
automatic expansion valve (AEV), 142 
capillarv tube, 140-142 
high-side float (HSF), 144 
low-side float (LSF), 143, 145 
thermostatic expansion valve (TEV), 142 
suction line, 134 

compressor low-side or suction 

service valve (SSV), 135 
low-side filter-drier, 134-135 
compression systems and compressors, 

review of safety, 173 
compression-type chillers, 

drilled water systems, 949-951 
compressors, 26, 146-169, 952-955 

automotive air conditioning, 1061-1064 

testing, 1081 
capacities, 662-664 
coefficient of performance, 664 
volumetric efficiency, 663, 664 
centrifugal, 148, 165-168 
charging hermetic systems, 
running test 1, 449 
running test 2, 449-450 
running test 3, systems with a capillary 
tube, 450 
check valves, 172 
commercial, 486-487 
calculating capacity, 662-663 
calculating volume, 662 
calculating volume, formula, 662 
capacities, 662-664 
specific volumes, 662 
stroke, 662 
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chilled water systems, 952-955 

cylinder arrangements, 148, 149, 487 

external drive, 486 

hermetic units, 480, 486-487 

installing hermetic, 621 

low-side pressure control valves, 532-533 

names, 477 

oil control systems, 529-532 

protection devices, 529-536 

removing, 600 
hermetic, 621 

servicing, 

external drive, 598-600 
hermetic, 600-601 
testing methods, 599 

troubleshooting, 599 

two-stage, 664 

unloaders, 487 
compression cycle, 135-136 
compression ratio, 172 
cooling, 169, 170 

fins, 170 

oil, 170 

water, 170 
crankcase heater, 173 
cylinders, 149-150 
drive (external- drive), 156 
electric vehicle (automotive), 1064 
external -drive, 146, 156, 486 

screw, 164 
gaskets, 172 

heat pump systems, 921 
hermetic, 147-148, 486 
high-side service valve, 136 
housing-crankcase, 158 

hermetic system, 158 

serviceable hermerics, 158 
low-side or suction service valve (SSV), 135 
low-side pressure control valves, commer- 
cial, 532-533 
lubrication, 170 

pressure-lubricated, 170 

splash-lubricated, 170 
motors, 168 
mufflers, 169 
O-rings, 172 

protection and control switches, 1077 
protection devices, 529-536 

low-side pressure control valves, 532, 533 

oil control systems, 529-532 

water valves, 533-536 
radial (automotive), 1062-1063 
reciprocating (piston-cylinder), 148-158 

lubrication, 170 

multicylinder, 148, 171 

two-cylinder, 148 
review of safety, 173 
rotary, 148, 158-161 

lubrication, 170 
rotating blade, 161 
rotating vane, 159, 160 
Scotch yoke, 157, 1063 
screw, 148, 163-165 
scroll, 148, 161-163, 1063-1064 
seal, 1065 

service valves, 168-169 
single screw, 164 
starting a stuck, 431—432 
stationary blade, 161 
stationary blade rotary, 160 
swash plate, 157, 1061-1062, 1063 
types of, 148-169 
unloader, 172 

valves, high carbon alloy steel, 154 
volumetric efficiency, 170-172 

clearance space, 171 

head pressure, 171 



piston displacement, 170 
valve openings, 171 
wobble plate, 157, 158 
computers, 241, 242 
concentric corrugations, 179-180 
condensate drain, 860, 942 
condensate pump, 498, 499 
condensation, 
latent heat of, 45 

using to remove gases and vapors from 
air, 904 
condensers, 26, 389, 390, 480-495 
automotive, 1065-1066 
capacities, 666-669 
air-cooled condenser, 667 
liquid receiver sizes, 669 
water-cooled condenser, 667, 668 
commercial, 
air-cooled, 487-490, 601-602, 667 
fans, 487 
installing, 603 
removing, 601 
repairing, 601-602 
servicing, 601 
capacities, 666-669 
double air-cooled, 489 
evaporative, 495 

finned-forced convection, air-cooled, 139 
tinned-static, air-cooled, 139 
forced convection, 139 
hermetic units, outdoor air-cooled, 480-486 
air circulation requirements, 481 
applications, 480^81 
dual- compressor, 481 
maintaining pressure, 481, 482—186 
major provisions, 481 
location, 477 
outdoor air-cooled, 480-486, 490 

controls, servicing, 621-623 
service valves, 536-537 
servicing, 601-609 
shell, 139 

tube-in-a-tube, 139 
water-cooled, 139, 490-492, 667, 668 
Baudelot, 688 
capacities, 667-668 
cooling towers, 668 
excess water flow, 606 
installing, 606 
installing and adjusting water valves, 

607-608 
removing, 605 
removing valves, 607 
repairing, 605 
repairing water valves, 607 
restricted water flow, 606 
servicing, 604-605 

water valves, 606 
shell and coil, 490, 491 
shell and rube, 490-491 
tracing water circuit troubles, 606-607 
troubleshooting, 606 
tube-within-a-rube, 490, 491-492 
compression cy r cle, 137-139 
continuous absorption systems, 689 
cooling towers, 139 
servicing, 608-609 
domestic, 
finned-forced convection, 137, 139 
finned-static (natural convection), 137, 139 
plate-static, 137, 139 
wire-static, 137, 139 
hermetic systems, leak repairs, 461 
multizone ductless split systems, 865 
room air conditioners, 773 
condensers and evaporator coils, 923-927 
air coil, 924-925 



geothermal (ground) coil, 924, 927 
split systems, 925 
water coil, 925, 927 
condensing pressure, 357 
condensing temperature, 357, 358 
condensing units, 
balancing systems, 633, 634 
capacities, commercial, 650-651 
checking refrigerant charge, 596-598 
liquid level indicators, 597 
liquid receiver, condenser, 596 
quantity of liquid in receiver, 598 
sight glass, 596-597 
temperature survey, 597-598 
code specifications, 572-573 
installing, 572-573 
location, 572, 573 
protective cage, 572 
servicing, 596 
supermarkets, 548 
conditioned area, 298 
conditioned-air ducts, 877 
conduction, 50, 51 

heat exchange, 743 
conductors, 

electrical, 209, 218, 222-223, 1125 
heat, 51 
connecting rods, 151-152 
crankshaft, 156 
eccentric-type, 152 
locking pin and spring, 152 
connecting tubing, 66, 67-68 
console air conditioners, 865-869 
air-cooled, 865 
bypass controls, 866 
cabinet, 865 

cleaning, 867, 868 
fresh air intakes, 867 
installation, 867 
servicing, 867-^869 
biannual checks, 869 
biyearly, 869 
maintenance duties, 867 
monthly checks, 868 
weekly checks, 868 
yearly, 869 
water-cooled, 865, 867 
constant value lines, 

pressure-heat chart, 647 
constrictor, tube, 76 
construction types and designs, 1052-1054 

commercial, 1054 
contact point bounce, 987 
contactors, 1001 
contaminants, 744 
air, 728 

indoor, 747-750 
continuous absorption systems, 686 
absorber, 688 
ammonia, 687, 688, 689 
construction, 689-692 
controls, 693-694 
automatic flame re-light, 693 
electronic ignition, 693 
flame size, 693 
gas burner, 693 
heat energy, 693 
hearing gas valves, 693 
igniting fuel gas, 694, 695 
manual shutoff valve, 693 
pressure-regulating valve, 693, 694—695 
safety shutoff valve, 693, 694 
strainer, 693 
thermocouple, 693-694 
tilt control system, 694 
cooling process operation, 689 
use of gravity flow, 689 
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continuous absorption systems, Continued 
Dalton's principle, 688 
defrosting, 689, 691 

hot gas method, 689 
generator, 687, 688 
heat sources, 689-692 
hydrogen, 687, 688, 689 
main sections, 689 
absorber, 689 
condenser, 689 
evaporator, 689 
generator, 689 
types, 690, 691 
water, 687, 688, 689 
with pump, 688-689 
aqueous ammonia solution, 688 
generator, 689 
heating system, 689 
continuous circuit, 212 
continuous operation, 283 
continuous system controls, 693, 694 

gas supply, 693 
continuous-cycle absorption system, 122-124 
ammonia, 123, 124 
Dalton's law, 122 
contracts (bellows!, 301 
contractual agreement, 628, 1099-1101 
control circuits, 1006-1017 
classifications, 1006 
comfort cooling controls, 1013-1015 
electric heat controls, 1011 
electronic cleaner controls, 1017 
gas furnace controls, 1006-1009 
humidity controls, 1015-1017 
hydronic system controls, 1013 
infrared heat controls, 1011-1013 
oil furnace controls, 1010, 1011 
power, residential air conditioner, absorption 
systems, 700 
control of heat flow, 
heat transfer, 50 
temperature difference, 51 
control point, 300 
control systems, 297, 983, 1000 
adjusting controls, 308-309 
air conditioning and heating, 983-984 
automotive, 1073-1078 
bimetal, 301, 302 
categories, 298 
conditioned area, 298 
controlling instrument, 298 
operating device, 298 
closed-loop (feedback), 298 
diagnostics and repair, 1029 
differential adjustment, 305-308 

mechanisms, 307-308 
electrical circuits, complete wiring diagram, 
297-309 
ladder diagram, 297, 298 
electronic (solid-state), 302, 303 
fundamentals, 297-309 
limit controls, 297 
manual, 1073-1074 
operating controls, 297 
range adjustment, 304-305 
sensing bulb, 300-302 
temperature alarm system, 303 
temperature control principles, 
electronic (solid-state), 302-303 
sensing bulb, 300-301 
thermostats, 
installing, 303-304 
servicing and testing, 303 
types of controlling instrument action, 298 
vapor pressure, 301 
controllers, 

air conditioning and heating, 983, 1000-1002 



automotive, 1074-1076 
categories, 1000 

comfort cooling controls, 1013-1015 
control circuits, classifications, 1006 
electric heat controls, 1011 
electronic cleaner controls, 1017 
fan controls, 1005 
feedback, 1001 

gas furnace controls, 1006-1010 
combination gas valve (CGC), 1007 
electric ignition, 1007 
electric interlocks, 1006 
electronic circuits, 1008 
flame sensor, 1006, 1007 
flame size, 1008 
main gas line valves, 1007 
modulator /regulator valve, 1009 
remote temperature selector, 1009 
sensors, 1006-1007 
humidity controls, 1015-1017 
electrical system, 1016 
humidistat, 1016, 1017 
hygroscopic element, 1017 
solid-state sensors, 1017 
hydronic system controls, 1013 
infrared heat controls, 1011-1013 
limit controls, 1000, 1004-1005 
lockout relay, 1002 
modulating controls, 1001 
oil furnace controls, 1010-1011 
flame monitoring, 1010-1011 
primary, 1010 
solid-state, 1011 
temperature sensing unit, 1010 
operating controls, 1000 
primary controls, 1000, 1002-1004 
relays, 1001-1002 

sequential operating controls, 1004 
controlling instrument action, 298-299 
anticipator, 299 
cooling anticipation, 299 
desired differential, 298 
operating differential, 299 
proportional, 298, 299, 300 
range, 298 

timed, on-off, 298, 299 
two-position, on-off, 298 
variable, 298, 299 
controls, 983, 984 
adjusting, 308-309 
cut-in adjusting screw, 308 
cut-out adjusting screw, 308 
step-one, cut-out adjustment, 308 
step-two, cut-in adjustment, 308 
air conditioning and heating, 983 
airflow, 1017-1018 
distribution, 1018, 1021-1022 
duct, 1021 

principles of operation, 1018 
split-system, 1021 
zone, 1021 
pneumatic systems, 1018 
air-to-air heat pumps, de-icing, 770 
anticipator, 299 

bellows-operated low-pressure, 317 
central air conditioning, 315-316 
comfort cooling air conditioning, 314-315 
commercial, 
high-pressure safety cutout, 514 
ice maker, 519 

oil pressure safety cutout, 514, 516-517 
pressure motor, 513-514 
refrigerant, 513 
safety motor, 514-^517 
thermostatic motor, 513 
vending machine, 519 
compression system refrigerant, 177 



automatic expansion valve, 108, 178-180 

capillarv tube, 109, 200-202 

high-side float, 106, 200 

low-side float, 105, 199-200 

thermal expansion valve (solid-state), 189 

thermostatic expansion valve, 108-109, 
180-199 
continuous absorption systems, 693-694 

automatic flame re-light, 693 

electronic ignition, 693 

flame size, 693 

gas burner, 693 

heat energy, 693 

heating gas valves, 693 

igniting fuel gas, 694, 695 

manual shutoff valve, 693 

pressure-regulating valve, 693, 694-695 

safety shutoff valve, 693, 694 

strainer, 693 

thermocouple, 693-694 

tilt control system, 694 
cooling anticipation, 299 
defrost, 

automatic, 324-326 

hot gas, 327-328 

semiautomatic, 326-327 
de-ice, 329 
differential, 298-299 
distribution, 1018, 1021-1022 

duct, 1021 

principles of operation, 1018 

split-system, 1021 

zone, 1021 
electrical resistance heating systems, 768 
evaporative cooling, 784-785 
gas-fired forced air heating systems, 762 
gas-fired gravity furnace, nigh-limit, 761 

room thermostat, 762 
heat pump systems (refrigerant), 922 
humidity, 730, 731 

thermo-hu mi digraphs, 731 
hydronic heating systems, 

gas-fired, 764 

high limit, 767 

oil-fired, 765 

room thermostat, 767 
ice bank, 328-329 
ice maker, 310-314 
limit, 297 
motors, 

heat pump systems, 921-922 

pressure-operated (low-side pressure), 
146 

safety, 317-319 
head-pressure safety cut-out, 317 
low-pressure safety cut-out, 317 ' 
low-side pressure limiter, 318 
oil-pressure safety cut-out, 317 
overload protection, 318-319 

temperature-Operated (thermostatic), 146 
oil-fired forced- air heating systems, 

room thermostat, 765 
Operating, 297 
operating differential, 299 
packaged terminal air conditioners, 865 
pneumatic systems, 1018 
pressure motor, 317 
proportional, 298, 299, 300 
range, 298 

room dehumi differs, 773 
room humidifiers, 773 
Smart Valve system control, 793 
timed on-off, 298, 299 
two-position "on-off," 298 
variable, 298, 299 
water cooler, 316 
convection, 51, 496 
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control of heat flow, 51 

heat exchange, 743 
conversion of inches of mercury into psia 

(chart), 39 
converting solar energy to electricity, 979-981 
cool down time, 

absorption systems, mobile homes, 696 
cooler, drinking water, 116-117 
cooling, 

calculating air volumes for, 895 

compressor, 169-170 

evaporative, 784-785, 855 

hermetic system motors, 265 
cooling and dehumidifying systems, 853--872 

comfort cooling systems, 855-870 

principles of atmosphere cooling, 853-855 

review of safety, 870-871 
cooling anticipation, controls, 299 
cooling capacity, 48-49 

automotive air conditioning, 1059 
cooling coils, 54 
cooling cycle, 854-855 

absorption systems, chiller, 702, 705 

moisture removal, 854 

on psychrometric chart, 855 
cooling fans, 

refrigerators and freezers, 420 
cooling process, 

absorption systems, 689 

use of gravity flow, 689 
cooling systems, 853-872 

cooling cycle, 854-855 

dehumidifying equipment, 869 

evaporative cooling, 855 

installation with return air bypass, 854 

principles of atmosphere cooling, 853 

relative humidity control, 853, 854 

types, 855 
cooling thermostats, 984, 994 
cooling towers, 492-495 

applications, 780-781 

chilled water systems, 949 

cross-flow, 493^ 494 

fill, 494 

heaters, 494 

Legionnaire's disease, 495 

operation, 781 

preventing freezing, 494 

refrigeration and air conditioning systems, 
780-781 

servicing, 608-609 
maintenance, 608 
water treatment, 608-609 

sizes, 781 

water-cooled condensers, 668 

efficiency, 780-781 
COP. See coefficient of performance 
copper tubing, 61, 62 

hard-drawn, 62 

liquid line, 139 

nominal-size, 62 

soft, 61, 62 
annealed, 61 
flare, 61-62 
work hardening, 62 

swaging, 75-76 
tools, 76 
core valves, 

clamp-on, 443 

Schrader, 443 
corrosion, 62 

hydronic heating systems, 815—816 
coulombs, 215 
counteT electromotive force (cemf), 233, 319 

split-phase induction motor, 259 
couplings, tube, 75 

quick- connect, 941-942 



crankcase, 148 

reciprocating compressors, 148 
crankcase heater, 173 

cylinder head, 153 
oil slugging, 173 
crankshafts, 156 
commercial, arrangements, 478 
crankthrow-connecting rod-piston, 156 
eccentric, 146, 156 
hermetic system, 156 
main bearings, 156 
pin, 157 

Scotch yoke, 157 
reciprocating compressor, 156 
seal, 
ceramics and carbon, 156 
valves and valve plates, 154-156 
erankthrow, 157 

connecting rod-piston, 156 
Scotch yoke, 157 
crawl space, 1042 
critical pressure, 52 

dew point, 567 
critical temperature, 52 
cross-charged, 180, 188, 189 
cryogenics, 52-53, 719, 723-724 
construction materials, 723 
fluids, 354-355 
boiling temperatures, 53 
containment, 354-355 
expendability, 355 
safety, 355 
food freezing, 568 
liquid nitrogen, 723 
freeze drying, 723 
liquid oxygen, 723 
lubricants, 724 
methods, 723 
refrigeration, 723 
safety precautions, 723 
temperatures, 723, 1136 
CSCR, See hermetic capacitor-start, capaci- 
tor-run motor 
CSIR. See hermetic capacitor-start, induc- 
tion-run motor 
current, 
electricity, 
alternating current, 209, 210 
direct current, 209 
magnetic relay, 
amperage relays, 320 
counter electromotive force (cemf), 319 
rotary solenoid, 320 
spring-operated, 320 
weight-operated, 320 
starting and mnning windings, 262, 263 
current-limiting fuse, 275 
customer relations, 1088 
arriving on job, 1094 
contractual agreement, 1099-1101 
inspection report, 1101, 1102 
maintenance sendee contracts, 1094 
technician appearance and conduct, 1094 
cutting, 

hacksaws, 87-88 
tubing, 64 
cutting and bending tools, 64 
cycle, compression, 131-134 
cycles per second (cps), 756 
cycling and thermostatic switches (automo- 
tive), 1077-1078 
cycling time, troubleshooting the refrigera- 
tor-freezer, 426-427 
cylinder head, 

crankcase heater, 153 
external-drive compressor, 152 
hermetic compressor, 152 



pressure plate, 153 
reciprocating compressors, 152-153 
cylinders, 

reciprocating compressors, 149-150 
refrigerant, 355-356, 367, 369-371 



Dalton's law, 54, 122 

continuous-cycie absorption system, 122, 688 

of partial pressures, 54 
dampers, 8S7, 888 

air, 887 

automatic controls, 887-888 

bimetal, 803 

controlling airflow, 887, 1017-1018 

fire, 888 

installation, 887-888 

motor controls, 1017 

smoke, 888 

vent, 803 
data sheet, 

refrigeration sales engineer's, 643 
deareration, 

hydronic heating systems, 815-816 
decibel (dB> rating, 

duct system noises, 892 

of common sounds, 758 

scale (dBA), 756-757 
deep vacuum, 

hermetic systems, 463, 464-466 
deflector plates, 

using to remove liquids from air, 904 
defrosting, 

automatic, 387-394 

continuous absorption systems, 689, 691 

controls, 324-326 

electric heating system, 128, 390 

evaporator (open display cases), 556 

heat pumps, 922, 927, 929 

hot-gas system, 125-128, 393 

timers, 330-331 
adaptive defrost system, 330, 331 
clocks, 330 
commercial, 520-524 
straight time-based defrost, 331 
defrosting cycle evaporators, commercial, 

496-^97 
degree days, 741 

formula, 741 

method, 1050 
degrees, 

temperature measurement, 28 
dehumidifieis, 773, 845, 869 

air circulation systems and relative humidity 
control, 947-948 

equipment, 869-870 
chemicals, 870 
dehumi diner, 869 
humidistat, 870 

relative humidity, 845 

room, 773, 774 

water vapor sources, 846 

wiring diagram, 870 
dehydrate, 467 
dehydrator ratings, 

Refrigeration Electrical Manufacturer's 
Association, 457 
de-ice controls, 329-330 

air-to-air heat pumps, 329, 770 

ice accumulation, 329 

sensitive bulb, 329, 330 
demand control, 1027 
demand meter, 247 
demineralized water, 845 
density, 

specific gravity (relative density), 41 

specific volume, 41 
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Department of Transportation (DOT), 355, 
375-377 
regulations for refrigerant cylinders, 355 
desert bag, 104 

evaporative refrigeration, 104 
desiccants, 343, 457, 730 

technical characteristics, 1129 
design temperatures, 1047-1050 
desired differential, 298 
determining heat leakage using tables, 642 
determining quantity of liquid in receiver, 

598 
determining usage load using tables, 642-643 
dew point, 556, 1133 
determining, 735-736 
of flue gas, 726 
diagnosing, 

component problems, 452-459 
capillary tube service, 453—455 
checking for restricted system, 455, 456 
filter-drier service, 457, 458 
hot gas defrost problems, 458, 459 
locating motor compressor faults, 453 
external troubles, 42M33 
internal troubles, 433^134 
diagnostics and repair, 
control systems, 1029 
dial thermometers, 

air quality systems, 752 
diaphragm, 178 

thermostats, 985 
diaphragm automatic expansion valve, 
179-180 
concentric corrugations, 179—1 80 
diaphragm type TEV, 184 
dichlorodifltioromethane. SeeR-12 
dichlorotetrafluoroethane. See R-114 
dichlorotrifluoroefhane. See K-123 
dielectric, 258 
leak detectors, 446 
property of oil, 1133 
dies, 86 
diesel-powered gas engine (cooling system), 

710 
differential adjustment, 305-308 
calibration screw and lever, 308 
control systems, 305-308 
cut-in, 305, 306 
cut-out, 305, 306 
double-type, 305 
heater unit, 308 
mechanisms, 307, 308 
diff users, air ducts, 886 

grilles, and registers, 886 
digital analyzer, 

combustion efficiency, 902 
dilution, 

using to remove gases and vapors from air, 
904 
dimensions, 33-37 

angular measurement, 35, 36 
area measurement, 33, 34 
linear measurement (length), 33 
volume measurement, 34, 35 
weight and mass, 36, 37 
Dinh,Khanh,722 
diodes, diacs, 234, 235, 236 
direct current (dc>, 209 

universal motors, 272-273 
direct digital control (DDO, 

energy management systems, 1026 
direct expansion evaporators, 
chillers, 951 
installing, 614 

refrigerant controls, 615-618 
expansion valves, 616 
hot gas bypass valves, 618 



thermostatic expansion valves, 
adjusting, 616, 617 
repairing clogged screens, 616 
servicing, 615, 616 
two-temperature valves, 617-618 
removing, 613 
repairing, 613-614 
servicing, 609-614 
solenoid valves, servicing, 618 
direct return pipe systems, hydronic 

heating, 816 
direct expansion system (DX), 916 
direct- spark ignition systems, 804 

troubleshooting, 808, 809, 810 
dirt on walls and drapes, air cleaning, 910 
dirty sock syndrome, 929 
discharge header safety spring, 153 
dischaige tine piping, 680 
discharge shutoff valve, 153 
dispensing freezers, 559-561 
adjustments, 561 
combination unit, 561 
construction, 561 
shake maker, 561 

temperature requirements, 559, 561 
display cases, 553-556 
auxiliary evaporators, 553 
double-duty, 553-554 
evaporators for, 654 
glass-enclosed (display only), 553 
glass-enclosed with enclosed storage, 553 
lighting, 553 

open display, 553, 554-556 
air curtain, 554 
airflow pattern, 555 
electrical wiring, 555 
frozen food, 555-556 
single-duty, 553 
temperatures, 553 
disposable cylinders, 355, 356, 357 
disposal, hermetic systems, 421 
distillates, fuel oils, 821 
distribution controls, 1018, 1021-1022 
duct controls, 1021 
split-system controls, 1021 
zone controls, 1021, 1022 
distributor tube, 194, 195 
district heating and cooling systems, 965-966 
divider block rotary compressor, 160 
domestic freezers, 381, 382, 401-410 
prim a ry parts, 381 
cabinet, 381 

insulation, 382 
electrical circuit, 381 
mechanical components, 381 
domestic freezers, chest-type, 401-407 
advantages, 401 
Amana, 405^07 
cabinet, 405, 406, 407 
electrical circuits, 406-407 

wiring diagram, 407 
mechanical components, 405, 406, 407 
capacities, 401 
defrost, 401 
design, 401^07 
drain, 401 
features, 401 
Frigidaire, 403-405, 406 
cabinet construction, 403 
condenser operation, 403 
defrosting, 403, 404 
electrical circuits, 404-405 
hermetic compressor, 403, 404 
mechanical components, 403, 404 
operation, 402-407 
domestic freezers, upright, 407-409 
Frigidaire, 407-409 



cabinets, 407-408 
electrical circuits, 408, 409 

ladder diagram, 409 
mechanisms, 408 
Whirlpool, 409 
cabinets, 409 
electrical circuits, 409, 

ladder diagrams, 410 
mechanical components, 409 
domestic lefrigeratoT-freezer, 
automatic defrost, 387-394 
air circulation system, 388 
cabinet construction, 388, 390 
electric heater, 387-390 
evaporator, 389, 390 
evaporator operation, 387, 388 
frost-free cvcle, 387 
hot gas, 390-394 

mechanical components, 388-390, 390-393 
capillary tube, 389, 390 
condenser, 389 
cycle diagram, 389, 392, 393 
electrical circuits, 390, 393 
evaporator, 389, 390 
features, 389, 390 
heaters, 389-390 
motor compressor, 389 
operation, 387-388, 390, 393 
wiring diagrams, 391, 394 
frost-free, 394-401 
cabinet, 394-395 
electrical circuits, 395 

ladder diagram, 396 
operation, 395-401 
side-by-side, 395-401 
air circulation, 397, 400 
airflow, 397, 399, 400 
Amana, 399^01 
cabinet, 397, 399 
color code, 401 

damper arrangement, 397, 400 
defrost cycle, 400, 401 
electrical circuits, 398, 401, 402 
electrical circuits (General Electric), 

wiring diagram, 399 
electronic control console, 398 
evaporator, 397, 400 
features, 395, 397 
General Electric, 397-398 
heaters, 401 
ladder diagram, 402 
mechanical components, 397-398, 

40CM01 
power-saver switch, 401 
refrigerant control 398, 400 
manual defrost, 384-387 
cabinet construction, 385 
compartments, 384, 385 
electrical circuits, 386-387 
ambient compensator, 386 
motor control relay, 387 
penmate drier, 386 
wiring diagram, 386 
mechanical components, 385 
cycle diagram, 386 
hermetic compressor, 385 
solid-state ice maker, 401 
design, 401, 403 
voltage requirements, 401 
domestic refrigerators or freezers, 381^116 
butter conditioner, 410-411 
cabinets, 
door adjustment, 413 
gaskets, 412-413 
hardware, 411-412 

adjustable feet for leveling, 411 
breaker strips, 411, 412 
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latching mechanisms, 411 
lid counterbalance, 412 
rollers, 411 
thermometers, 413 
primary parts, 381 
cabinet, 381 

electrical circuit, 381, 384 
mechanical components, 381, 383-384 
repairing finishes, 413 
feathered ging, 413 
safety, 413 
door heater, hermetic systems, 424 
DOP smoke penetration method, 749 
dosimeter, noise, 757 
double-duty display cases, 553-554 
double flares, 66, 67-68 
double-thickness flare, 67-68 
downflow (counterflow) furnace, 795 
drafts, 

air ducts, 892-893 
air speed, 893 
location of air returns, 893 
control, 
stack temperatures, 901 
stack thermometers, 901 
room air movement, 875 
airflow measurement, 736-739, 900-901 
control, 901-903 
using smoke generator, 900-901 
drain, 

chest- type freezer, 403, 404 
sump bypass, 317 
sump heater, 318 
drainage, walk-in cabinets, 552 
driers and filters, 
See also filter-driers 
moisture removal, 595 
drift punch, 87 
drills, 84-86 

sizes, 84, 1137 
drinking water cooler, 116-117, 562-563 
drip leg, 805, 806 
drive belts, 1065 
droop, 992 

drop forged brass, valve body, 178 
drop forged steel, connecting rods, 151 
dry bulb temperature (db), 731 
psychrometric charts, 733-735 
dry capacitors, 260, 261 
dry climates, 

evaporative comfort cooling, 855 
dry evaporators. See direct expansion 

evaporators 
dry ice, 51-52, 118 

as a frozen food refrigerating device, 118 
for refrigerating materials on aircraft, 118 
refrigeration, 118, 120 
safety, 52, 118 

solid carbon dioxide (CO;), 51 
sublimation, 51, 118 
transportation, 709 
truck systems, 710, 712 
dry system evaporators, 134 
dryness of refrigerants, 1133 
dual-pressure regulator, 191 
dual-temperature units, walk-in cabinets, 551 
ducts, 

automotive air conditioning, 1072-1073 

calculations, 895-900 

balancing the system, 899, 900 

total pressure drop system, 897-899 

unit pressure drop system, 896, 897 

circular equivalents of rectangular duct 

(chart), 879 
cleaning, 749-750 
duct sweeper, 750 
process, 750 



construction, 882-886 

controls, 1021 

heaters, 839 

problems and duct maintenance, 

drafts, 892, 893 

noise, 892 
properties and behavior of air, 877-892 
sizing, 893-900 

air volume for cooling, 895 

air volume for heating, 893-895 

duct calculations, 895-900 
systems, 

air circulation systems and relative 
humidity control, 947-948 

automotive, 1072-1073 

construction, 882-886 

dampers, 887-888 

elbows, 888 

fans, 888^892 

noises, decibels (db), 892 

types, 878, 879-882 
dust, outdoor air contaminants, 744 
duty cycling, 1027 
dynamometer, 290, 619 
electric, 290 
mechanical, 290 



eccentric, 146 

crankshaft, 146, 156 

external-drive compressors, 146 

lubrication, reciprocating compressors, 170 

stationary blade compressor, 161 

straight shaft, 1 56 
eccentric- type connecting rod, 152 
economizer, 951 
eddy currents, 

commercial evaporator installations, 652 
EER, 681-683, 1119 
EER Q , 683, 1119 

heat pumps combined with liquid solar 
collectors, 929, 931-932 
effect of air in system, 669 
effect of altitude on refrigerator temperatures, 

310 
effect of heat exchanger, 670 
effect of lack of refrigerant, 669 
effect of pressure, 

evaporating temperatures, 46, 47 

freezing temperature of water, 47 

latent heat, 647-648 
effective latent heat, 

composition, 647 

refrigeration cycle thermodynamics, 645 
effective temp era tuTe (ET), 

comfort conditions, 753 
elbows, air ducts, 888 
electric circuits and controls, 295-334 

review of safety, 331 
electric compressor (automotive), 1064 
electric control circuits, 295-309 

complete wiring diagram, 295-297 

control system fundamentals, 297-309 

electrical circuits, ladder, 297 
electric controls, 309-331 

automatic defrost, 324-326 

central air conditioning, 315-316 

comfort cooling air conditioning, 314-315 

defrosting timers, 330, 331 

de-ice controls, 329, 330 

hot-gas defrost controls, 327, 328 

humidity controls, 330 

ice bank controls, 328-329 

ice maker controls, 310-314 

motor safety controls, 317-319 

motor starting relays, 319-324 

pressure motor controls, 317 



refrigerator and freezer controls, 309 
remote temperature sensing elements, 316 
semiautomatic defrost controls, 326-327 
water cooler controls, 316 
electric defrost, 

refrigeration system, 128 
electric dynamometer, 290 
electric furnaces, 835-836 
forced- air, 835 
hydronic, 835 
electric heat controls, 1011 
electric heater system, commercial, 

evaporator defrosting, 506, 511-512 
electric heaters, 

auxiliary heat pump systems, 770, 771 
electric heating, 834-841 
applications, 834-836 
electric furnaces, 835-836 

forced- air, 835 

hydronic, 835 
electric heat, 834 
supplementary, 

baseboard heaters, 836 

radiant heat panels, 836 

resistance heating wire, 836 
systems, 789 
electric humidifiers, 845 
electric interlocks, 1006 
electric motors, 257-292 
alternating current (ac), 258 
basic types, 258 

capacitor-start, induction-run, 260-261 
commercial, removing, 620 
condenser and evaporator fan, 

capacitor, 258 

permanent split capacitor (P3C), 258 

shaded-pole, 258 

split-phase, 258 
connections, 264—265 
direct current (dc), 258 

universal motors, 272-273 
electronic variable speed motors, 280-282 
external-drive, 258-259 

capacitor-run, 258 

capacitor-start, capacitor-run, 258 

capacitor-start, induction-run, 258 

induction polyphase, 258 

permanent split capacitor (PSC), 258 

repulsion-start, induction-run, 258 
fan motors, 278-279 
grounding, 273 
hermetic, 

capacitor-start, capacitor-run, 258, 268 

capacitor-start, induction-run, 258, 268 

induction polyphase, 258, 270-271 

induction two-phase, 258, 270 

permanent split capacitor (PSC), 258, 
268-269 

systems, 265-272 
horsepower and motor characteristics, 273 
induction, 259 

armature (rotor), 259 

copper bats, 259 

hermetic machines, 259 

induced (current), 259 
miscellaneous heat loads (chart), 640 
protection, 274-277 
repulsion-start, 260 

commutators and brushes, 260 

induction-run, 260 
review of safety, 292 
servicing, 282-287, 290-292 

bearings, 287 

belts, 288-290 

capacitors, 284 

cleaning, 287 

external- drive motors, 284-285 
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servicing, Continued 

fan motors, 285-286 

lubrication, 286-287 

pulleys, 287-288 

radio and TV interference, 283 

repairing hermetic motors, 290-292 

replacement motor, 283 

testing capacitors, 283-284 

testing stand, 290 

watt reading to determine motor troubles, 
283 
shaded-pole, 279-280 
speeds, 261-262 
split-phase induction, 259 
standard motor data, 278 
starting and running windings, 262-263 
starring current, 263-264 
structure, 257-258 
temperature, 277-278 
to drive, 

compressors, 257 

fans, 257 

miscellaneous devices, 257 

pumps, 257 
types, 258-261 
electric resistance heating, 767-768, 836-839 
baseboards, 838-839 

designs, 838-839 

natural convection, 838 

safer}' switch, 839 

thermostatically-operated, 839 
building design, 837 
calculating Btus, 837 
duct heaters, 

installation in existing duct system, 839 

space heating, 839 
electrical energy into heat energy ratios, 

836 
heating elements, 837-838 

open ribbon, 837 

open wire, 837 

safety, 837 

tubular cased wire, 837, 838 
incandescent, 836 

nonin candescent temperature units, 836 
principles, 836-837 

supplementary heat to solar energy, 977 
electric vehicle, 
compressor, 1064 
heat pump system, 1064 
electric water valve, 533-535 
electrical circuits, 211, 381 

commercial, servicing, 623-624 
complete wiring diagram, 295-297 

control systems, fundamentals, 297-309 

electrical cord, 297 

grounding, 297 

parallel circuit, 295 

series circuit, 295 
control, 1006 
ladder diagram, 297 
electrical codes, 250, 1126 
electrical connections, 581, 582 
electrical cord, 

wire sizes, 297 
electrical fundamentals, 207-234 
circuit fundamentals, 210-222 
electrical materials, 222-224 
generating electricity, 207 
magnetism, 224-234 
types of electricity, 208-210 
electrical generator, 230-233 
commutators, 232, 233 
counter emf, 233 

elementary electric motor, 231, 232 
electrical heat sources, 
absorption systems, 686 



electrical ignition (transformer-electrode), 

gun-type burner, 826-828 
delayed ignition, 828 
design, 826-828 
electrode gap, 827-828 
flame out, 828 
puffbaek, 828 
electrical materials, 222-224 

conductors, 222, 223 

insulation testers, 224 

nonconductors (insulators), 224 

semiconductors, 223, 224 
electrical power, 242-250 

efficiency, power factor, 242-243 

grounding 243-244 

power circuits, 245 

relays, 250 

single-phase — three-phase, 244, 245 

transformer principles, 245-250 
electrical resistance hearing systems, 767-768 

circuit breaker locations, 768 

power supply, 767 

room thermostat control, 768 

thermostats, 985 
electrical safety, 

furnaces, 811 
electrical symbols (chart), 213 

units and symbols, 1123, 1124 
electrical systems, automotive, 1071 
electrical units and symbols, 1123, 1124 
electrical-magnetic fundamentals, 207-254 

review of safety, 252-253 
electricity, 

current, 209, 210 

electrostatic, 209 

generating of, 207 

types, 208-210 
electrochemical leak detectors, 446 

principles, 447 
electrodeposition, 972 
electrolysis, 1127 
electromagnetic energy, 

solar energy, 969 
electromagnetic ignition, 

absorption systems, 700 
electromagnetism, 226-228 

electromagnetic induction, 227, 228 

polarity of electromagnets, 227 
electromotive force, 212 
electron, 1121-1123 
electronic air cleaners (EAC), 

cleaning, 906, 907 

electrostatic filter, 906 

filters, 904 

ionizing air, 906-907 

location, 906, 907, 908 

parts, 908 

schematic, 907 

servicing, 908-909 

theory of cleaning, 906-908 

wiring diagram, 907 

electronic cleaner controls, 1017 
electronic controls, 302 

diagnostics, 1076-1077 

temperature control principles electronic 
(solid-state), 302 
electronic ignition, 

continuous absorption systems, 693 
electronic leak detectors, 

dielectric, 446, 447 

electrochemical, 446 

refrigerant leak detection, 445, 446-447 

safety, 447 

ultrasonic, 446 
electronic sight glasses, 

refrigerant lines, 541 
electronic thermostats, 991, 995-998 



functions, 996-997 
electronic variable speed motors, 280-282 

brushless motors, 281 

potentiometer, 281 
electronics, 207 

amplifiers, 239 

and electricity, 234-253 

computers, 241, 242 

diodes, diacs, 235, 236 

integrated circuits, 240, 241 

inverter, 236, 237 

photoelectricity, 240 

printed circuit boards, 241 

rectifiers, 236 

semiconductor applications, 235 

sensors, 238 

thermistors, 238, 239 

thermocouple and thermoelectric, 239, 240 

transducers, 239 

transistors, 237, 238 
electrostatic, 903 

air cleaners, 316, 907-908 
central air conditioning controls, 316 

air cleaning, 903-904, 906 

filter, 906 
elementary refrigerator, 54-57 
embrittlement, 

hydronic heating systems, 816 
emissivity of various surfaces, 1114 
end bells, 258 
end plate, 

rotary cylinder construction, 161 
endothermal, 1131 
energized (windings), 259 
energy, 42, 1114 

conversion units, 50 

electrical, 50 

heat, 27, 42 

kinetic, 42 

mechanical, 50 

potential, 42 

solar, 969-982 
energy audit, 

total energy management (TEM), 1023 
energy conservation, 1051 
energy consumption, 

total energy management (TEM), 
1022-1023, 1026 
energized systems, 1026 
human systems, 1026 
nonenergized systems, 1026 
energy efficiency ratio (EER), 

calculating, 682-683 

formula, 683 

rating system in U.S., 682 

seasonal efficiency ratio (SEER), 681 
energy equivalents, 

SI metric, 1115 

U.S. conventional, 1115 
ice melting effect (IME), 1115 
energy management systems, 

centralized computer control, 1026, 1028 
hybrid, 1028 
packaged, 1028 

diagnostics and repair, 1029 

direct digital control (DDC), 1026 

limit control functions, 1026 

localized controllers, 1026-1027 

primary control functions, 1026 

remote controllers, 1026, 1027, 1028 

sequential control functions, 1026 

total energy management (TEM), 1022-1028 

troubleshooting, 1029 
energy units, 

electrical to heat, 50 

electrical to mechanical, 50 

heat to electrical, 50 
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heat to mechanical, 50 
mechanical to electrical, 50 
mechanical to heat, 50 
SI metric, 50 
Energy Star (EPA), 920, 921 
Energy Utilization Index (EUI), 
calculating, 1023 
total energy management, 1023 
engine-driven systems, 543, 544 
commercial, 543-544 
pressure controls, 544 
English micrometers, 93, 94 
enthalpy, 52, 341 
entropy, 1121 

environmental comfort systems, 916 
Environmental Protection Agency, 366 
Energy Star, 920, 921 
equipment certification, 367 
exams, 1105-1112 
Clean Air Act, 366-367 
Section 608, 1107 
Section 609, 378 
requirements, 1105-1106 
typical questions, 1111-1112 
refrigerants, 335 

to be phased out, 366 
technician certification, 367, 1105-1112 
enzymes, 3S1 

EPA. See Environmental Protection Agency 
epoxy resin, 

refrigeration supplies, 98 
repairing aluminum evaporators, 462 
safety-, 98 
equalizers, 

pressure drop, 197 
solenoid valve principles, 197 
equations, perfect gas, 53 
equivalent length, 671 
ethane (as a refrigerant). See R-170 
ethylene glycol, 974 
EUI, See energy utilization index 
eutectic, 

phase-change materials, 1133, 1136 
plates, 711 

truck refrigeration, 711-712 
solution, refrigerated containers, 715 
evacuating, 99 
commercial, 586 
hermetic systems, 437, 438 
with vacuum pump, 463—470 
evacuating systems, 586 
deep vacuum, 464-466 
high-vacuum pumps, 467—469 
triple evacuation, 466 
using, 469, 470 
with vacuum pump, 463-470 
evacuation methods, 
hermetic systems, 463 
deep vacuum, 463, 464-466 
air removal, 465, 466 
checking for moisture, 465 
heating the unit, 465 
two-stage vacuum pumps, 467 
triple evacuation, 463, 464, 466 
pressure testing, 466 
safety, 466 

single-stage vacuum pumps, 467 
thermistor vacuum gauge, 464 
evacuation vacuum levels (chart), 1108 
evaporating temperatures, 

effect of pressure, 46, 47, 357-358 
evaporation, 381 
from food, 381 
heat exchange, 743 
sources, 1129 
evaporative comfort cooling, 
dry climates, 855 



evaporative condensers, 495, 779, 780 
air conditioning systems, 779-780 

commercial, 495 
evaporative cooling, 784-785 
controls, 784-785 
ponded roof, 784 
roof spraying, 784 
swamp cooling, 784 
use in greenhouse, 784, 785 
wet roof cooling, 784 
evaporative refrigeration, 
desert bag, 104 
snow making, 104-105 
evaporator and condensing unit capacities, 
650, 651 
condensing unit capacities, 651 
heat loads and piping, 650-651 
standard temperatures, 338 
evaporators, 26, 54, 134, 389, 390, 496-513, 
652-654, 
air-cooling, 496, 654 
aluminum, repairing, 462 
area, 655, 656 

capacities, 655 

commercial, 655—656 
automotive air conditioning, 1066-1069 
auxiliary, display cases, 553 
balancing systems, 633, 634 
Baudelot Cooler, 658 
brine spray units, 657 
calculating capacities, 658 
capacities, 657-659 
capacities, commercial, 655 

air heat transfer, 655 

blower U- value, 655 

heat transfer variables, 655 

liquid-cooling U-value, 655 

natural convection U-value, 655 

U-values, 655 
cold plates, 657 

calculating cooling capacity, 658-659 
commercial, 496-513 

types, 654 
compression cycle, 134 
continuous absorption systems, 689 
cooling coils, 54 
defrosting, 506-513 

commercial, 506-513 

electric heater defrost system, 511, 512 

frozen food open display cases, 556 

heat exchangers, 513 

hot gas defrost system, 506-508 
defrosting cycle, 496-497 

freezing, 496-497 
defrosting methods, 506 

electric heater system, 506, 511-512 

hot gas defrost system, 506-508 

hot refrigerant vapor system, 506 

nonfreezing solution svstem, 506, 
508-509 

reverse cycle defrost system, 506 

warm air system, 506, 512-513 

water system, 506, 509-511 
design, 656-657 

fin spacing, 657 

fittings, 657 

materials, 656 
direct expansion, 

installing, 614 

refrigerant controls, 615 

removing, 613 

repairing, 613—614 

servicing, 609-614 

thermostatic expansion valves, 
adjusting, 616-617 
installing, 616 
removing, 616 



repairing clogged screens, 616 
servicing, 615-616 
troubleshooting, 615-616 
display cases, 654 
dry system, 134 

fin tube-type with forced circulation, 134 
flooded system, 134 
forced circulation, 497-498 

dehydration problems, 497, 498 

design, 497 

fan motors, 498 

hot gas bypass system, 498 

operating temperatures, 497 

removing condensate, 498 
forced convection, 496 
freezing dispenser, 504 
frosting, 496 

heat pump, 923-925, 927 
heater core, 1066-1069 
hermetic systems, 462 

repairing aluminum, 462 

repairing stainless steel, 462 
ice cube maker, 500-504 

ice flaker system, 501-502 

ice shapes, 502 

operation, 502, 504 

safe installation, 504 
installation, 574-575 
installations, 651-659 

air-cooling evaporator theory, 654 

commercial, 651-659 

for display cases, 654 

forced-circulation air-cooling evaporator 
capacities, 657 

liquid evaporator capacities, 657 

locations, 652, 653 

special evaporator capacities, 657-659 

theory of air circulation, 652 
intermediate refrigerant units, 657 
liquid-cooling, 496, 499-500 

all-metal beverage, 500 

immersed (brine), 499-500 

immersed (sweet water), 500 

pressure (beverage), 500 
locations, 

automotive air conditioning, 1066 

commercial, 652-653 
mounting, 504, 506 
multiple system, 110, 111 
multizone ductless split systems, 865 
natural convection, 496 
nonfrosting, 497 

fin- type, 497 

operating temperatures, 497 

plate- type, 497 
repairing, 462 
room air conditioners, 773 
shelf-type, 134 
shell-type, 134 
types, 134, 654 
unit capacities, commercial, 650-651 

determining conditions, 650 
unitary central air conditioning systems, 

A-type, 937 

flat-type, 937 

slant-type, 937 
wall-type, 134 
excelsior, 784 
excess water flow, 606 
excessive condensing pressure, 670 
excessive suction line pressure drop, 670 
exfiltration, 876 
exhaust fans, 

attic ventilation, 877 
basement ventilation, 877 
exhaust gases, venting, 799, 801-803 
chimney classes, 801 
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exhaust gases, venting. Continued 

chimney construction, 801, 802 

code requirements, 801 

effect of temperature, 801 

effect on system efficiency, 801 

fuel losses, 801 

make-up air units, 803 

use of, total energy systems, 964, 965 
exhaust valve, 153 

reed, 161 

rotary cylinder construction, 161 
exothermal, 1131 
expanded polystyrene, 

insulation values, 640 
expanded polyuretrtane, 

insulation values, 640 
expanded rubber, 

insulation values, 640 
expansion tanks, 764 

gas-fired hydronic heating systems, 764 

oil-fired hydronic heating systems, 767 
expansion valves, 178-194, 195 
expendable refrigerant systems, 117-118, 
713-715 

cold plate system, 713 

liquid nitrogen, 118 

natural gas, 118 

spray system, 714, 715 
expendable refrigerants, 352, 354, 713 

applications, 352 

liquid carbon dioxide, 713 

liquid nitrogen, 713 

properties, 352 

transportation, 709 
extended plenum supply systems, 878 
external motor (open-type), crankshaft seal, 

154 
external servicing operations, 427-433 

cleaning mechanism, 433 

diagnosing troubles, 428—430 

electrical troubleshooting, 430-431 

short-cycling, 432-433 

starting stuck compressor, 431-432 
external-drive compressors, 146, 156 

articulated connecting rods, 146 

commercial, 
servicing, 598-600 
V-belt, 156 

cylinder head, 152 
cast iron, 152 
pressure plate, 153 

eccentric crankshaft, 146 

intake and exhaust ports, 158 

master connecting rod, 146 

motors, 168 

pulley shafts, 156 

pulleys, 156 
external-drive motors, 258-259 

capacitor-run, 258 

capacitor-start, capacitor-run, 258 

capacitor-start, induction-run, 258 

commercial, 
installing, 620 
servicing, 619 

induction polyphase, 258 

permanent split capacitor (PSC), 258 

repulsion-start, induction-run, 258 

servicing, 284-285 
electrical troubles, 284 
mechanical troubles, 284, 285 
other troubles, 285 

V-belt, 259 
external -drive (open) refrigerating system, 

106-107 
external- drive screw compressor, 164 
external-drive system, 106 
extrinsic semiconductors, 235 



fabric joints, air duct construction, 882 

Fahrenheit, 28 

fail-safe device, 316 

false ceilings, use of, 878, 882 

fan and motor inspection, window units, 860 

fans, 

air ducts, 888-892 
axial flow, 889 
cleaning, 892 
controls, 1005 

determining capacity, formula, 890 
forced draft, 889 
humidifiers, 844 
induced draft, 889 
measuring fan performance, 891 
motors, 278-279 
hermetic unit uses, 278 
servicing, common troubles, 285 
pressure conditions, 888-889 
radial flow (centrifugal), 889-890 
Air Movement and Control Association 

(AMCA), 890 
backward-inclined, 890 
forward-inclined, 890 
Faraday, Michael, 124, 125 
adsorption systems, solid, 686 
solid absorbent refrigeration, 124, 125 
Farads, 209, 229 
fast-acting fuses, 274 
fastening devices, 94, 95 
gaskets, 95-96 

machine screws, holts, and cap screws, 
95 
fast freeze, 722-723 
fast-freezing cases, 558 
fast-freezing systems, 568 
featheredging, 413 
Federal Ciean Air Act of 1963, 745 
feedback, 1001 

closed-loop, 298 
field windings, 

insulated copper, 258 
motor connections, 264 
field-erected central air conditioning 
systems, 936, 940-941 
quick-connect couplings, 941-942 
files, 87 
fill, 494 
fill cycle, 

commercial ice makers, 609 
filter efficiencies, 
measuring methods, 
atmospheric dust spot efficiency, 749 
DOP smoke penetration, 749 
synthetic dust weight arrestance, 749 
filter replacement, 

window units, 859 
filter- driers, 125 

hermetic systems, servicing, 
installation, 458 
liquid driers, 457 
location of driers, 457, 458 
rate of water absorption, 457 
solid driers, 457 
liquid line, 139 

commercial refrigerant lines, 542-543 
low-side, compression cycle, 134-135 
servicing, 457, 458 
suction line, 543 
commercial refrigerant lines, 543 
filters, 

air cleaning, 904-910 
adhesive, 904, 905 
checking with manometer, 905 
class 1, 905 
class 2, 905 



testing, 905 
carbon, 904, 909-910 

recycling, 910 
efficiency, 904 

measurement of, 904 
electronic air cleaners, 904 
cleaning, 906, 907 
electrostatic filter, 906 
ionizing air, 906-907 
location, 906, 907, 908 
schematic, 907 
servicing, 908, 909 
theory of cleaning, 906-908 
■wiring diagram, 907 
throwaway, 904-905 
fin spacing, commercial, evaporators, 657 
fin tube-type with forced circulation evapo- 
rators, 134 
capacities, 667 
finned-forced convection condenser, 137, 139 
air-cooled condenser, 139 
capacities, 667 
finned-static (natural convection) 
condenser, 137, 139 
air-cooled condenser, 139 
fins, compressor cooling, 170 
fire dampers, 888 
firepot, 765 

oil-fired forced-air heating systems, 765 
First Law of Thermodynamics, 44, 1120 
SI metric units, 44 
U.S. conventional units, 44 
fittings, 

capillary tube, 202 
commercial, installing, 575-578 
brazing equipment, 577-578 
welding equipment, 575-577 
flared tube, 69 
flared type, refrigeration, 70 
metric-size, 69 
oil tank installation, 829-831 
soldered or brazed tubing, 69-70 
tubing, 
brazing, 73-75 
flux, 71, 72 
soldering, 70-73 
swaging, 72, 75-76 
fixed filter humidifiers, 844 
fixed scroll, 161 
flame, 
color, 
gas heating, 790-791 
gun-type oil burner, 832 
failure, oil furnaces, 832 
neutral, brazing, 73 
troubleshooting, 810-811 
primary air, 810 
flame out, 

electrical ignition, gun-type burner, 828 
flammability of refrigerants, 338, 339 
flaTe, 61-62 

double-thickness, 67-68 
single-thickness, 66-67 
flare nut, 66 

wrench sizes, 1138 
flared connections, 66-68 
annealing, 68 
connecting tubing, 66-69 
double flares, 66 
double-thickness flare, 67-68 
single- thickness flare, 66-67 
flared tube fittings, 69 
flash gas, 134, 184, 185, 647 

heat exchangers, commercial, 513 
refrigeration cycle, 647 
diermo dynamics, 647 
flash point of oil, 97, 1133 
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flash vapor, 

centrifugal compressors, 167-168 
flashback arrestors, 73 
flat-type evaporators, 

unitary central air conditioning systems, 937 
flexible tubing (hose), 63-64 

fittings, 63, 64 
float control, 

high-side, 107, 145, 200 
low-side, 105-106, 143-145, 199-200 
float switch, commercial, 517 
float valve water feed, commercial, 

water-cooled condensers, 668 
Floe point, 1133 
Floe test, 1133 

flooded systems, 105, 106, 134 
evaporators, 134 
low-side float (LSF), 143 
floor radiant heating systems, 840 
hydronic, 
heat source, 811 
pump function, 812 
water movement, 811 
florist cabinets, 552 
flow, heat, 28 
flow check piston reversing valves, 

heat pump systems, 923 
flow equivalents, 1117 
flow switch control, temperature, 814 
flue, 

cleaning, 704 
corrosion, 821 
gas flow, 801 

high-efficiency furnace, 901 
fluorescent dyes, 

refrigerant leak detection, 445, 446 
flux, 71, 72 

solar energy, 970 
flywheel, 106, 146 
fogs, 745 
foods, 

freezants, 354 

latent heat, specific heat, and temperature 
(chart), 639 
foot-pound, 42 
force, 41, 42 

centrifugal, 147, 165, 1122 
centripetal, 165 
electromotive, 212 
units of measure, 37, 41, 42 
force feed system, lubrication, 170 
forced-air heating systems, 789 

checking gas pressure to manifold, 794 
combination gas furnace and cooling 

systems, 794 
components, 792-793 
basic, 792, 793 
burner, 793 

combination gas valve, 792-793 
combustion blower motor, 792 
forced-draft blower motor, 792 
indoor blower motor, 792, 793 
induced blower motor, 792 
furnace types and construction, 792, 

795-796 
gas burners, 793, 794-795 
gas furnace, burner system, 793, 794-795 
atmospheric injection, 794 
downflow (counterflow), 794, 795 
efficiency, 796-798 
horizontal, 794, 795-796 
insulation, 796 
luminous flame, 794 
orifice size, 794 
ported burners, 793, 794 
power burner, 794 
ribbon burners, 793, 794 



safety interlock switch, 796 
slotted burners, 793, 794 
upflow, 794, 795 
using LP gas, 794-795 
heat exchangers, 792 
Smart Valve system control, 793 
two-stage furnace, 799 
warm air duct system, 793 
cleaning, 793 
motor-driven blower, 793 
forced-circulation air-cooling evaporator 

capacities, 657 
forced-cfrculation evaporators, 497 

commercial, 497-498 
forced-convection evaporators, commercial 
496 
in a closed water system, 974 
solar space heating, 974, 975 
forced draft blower motor, 

forced-air heating systems, 792 
forced draft, fans, 889 
formulas, 

air volume, 893, 895 

area, 33 

calculating attic exhaust fan capacity, 877 

calculating motor size, 1124 

calculating motor speed (hermetic system) 

265 
calculating volume, 34-36 
compressor volume, 662 
condenser volume, 668 
degree days, 741 
EERg, 931 
energy, 1114 

Energy efficiency ratio (EER), 683 
energy of single photon, 970 
force, 41 

furnace fan capacity, 890 
heat transfer rate, 1036 
horsepower, 42 
humidifier heat load, 1044 
K, R, and U factors, heat leakage variables, 

634-636 
perfect gas equation, 53 
perimeter of rectangular ducts, 878 
perimeter of round ducts, 878 
psychrometric chart, 1129 
seasonal energy efficiency ratio (SEER), 683 
specific heat, 893 
specific heat load, 660 
temperature conversion, 32-33, 1118-1119 
temperature difference calculations, 33 
total heat load, 643 
U value, 1036 
velocity, 738 

volumetric efficiency, 171 
work, 42 
forward-inclined, radial flow (centrifugal) 

fans, 890 
four-phase electric motor, 258 
four-pipe systems, 

central air conditioning systems, 947-948 
four-way reversing valves, 195, 9Z3 
fractional inch equivalents, 1115 
free area, balancing the air duct system, 899 
freeze cycle, ice makers, 609 
freeze drying, 723 
freezer burn, 382 
freezers, 

Amana chest-type, 405-407 
cabinet, 405, 406, 407 
electrical circuits, 406-407 
electrical circuits, wiring diagram, 407 
mechanical components, 405, 406, 407 
care, 409-410 
chest-type, 401-407 
dispensing, 559-561 



domestic, 381-415 
cabinet, 381 
electrical circuit, 381 
insulation, 382 
mechanical components, 381 
primary parts, 381 
domestic chest-type, 401-407 
cabinet, 401^07 
design, 401-107 
features, 401 
domestic upright, 407-409 

cabinets, 407, 409 
Frigidaire domestic chest-type, 
cabinet construction, 403' 
condenser operation, 403 
defrosting, 403, 404 
electrical circuits, 404-405 

schematic wiring diagram, 405 
starting relay and overload protector, 
405 
hermetic compressor, 404, 405 
mechanical components, 403, 404 
Frigidaire domestic upright, 407-409 
cabinets, 407 

construction, 407-408 
electrical circuits, 408, 409 

ladder diagram, 409 
mechanical components, 408 
Whirlpool domestic upright, 409 
cabinets, 409 
electrical circuits, 409, 

ladder diagrams, 410 
mechanical components, 409 
freezing, 

freezer burn, 382 
immersion, 722-723 
preserving food, 381, 382 
storage of frozen food, 382 
freezing dispenser evaporators, 

commercial, 504 
freezing point, 28 
depression, 48 
ice and salt mixtures, 48 
freezing temperatures, 
effect of pressure, 47 
frequency, motor speeds, 261, 262 
fresh air intakes, console air conditioners, 867 
fresh food refrigerator, 382 
fresh-air ducts, 877 
friction, 207, 208 

resistance to fluid flow, 671 
friction air chart, unit pressure drop system, 

896 
frost backs, 178 

automatic expansion valve design, 178 
suction line, cause, 681 
frost-free refrigerator-freezer, 394, 395 
cabinets, 394, 395 
electrical circuits, 395 
mechanical components, 395 
side-by-side, 395-401 
frosting evaporator, 496 

commercial, 496 
frozen foods, 

case, construction details, 557 
determining heat loads (chart), 639 
open display cases, 5S5--556 
storage, cabinets, 556-558 
industrial applications, 568 
fuel, combustion, 789, 790 
hydrocarbons, 790 

packaged terminal air conditioners, 865 
fuel gases, 791-792 

heating systems, 791-792 
liquefied petroleum (LP gas), 791 
manufactured, 791 
butane, 791 
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manufactured, Continued 
propane, 791 
properties, 791 
safety, 791-792 
natural, 791 
air requirements, 791 
origin, 791 
properties, 791 
fuel oils, 820, 821 
additives, 821 

air requirements for combustion, 821 
ASTM specifications, 820 
atomization, 821 
combustion gas flow, 821 
forced-draft, 821 
induced-draft, 821 
natural convection, 821 
combustion gas temperature, 821 
composition, 820 
distillates, 821 
flame appearance, 821 
flue corrosion, 821 
grades, 820, 821 
heating value of, 1120 
oil furnaces, 820-821 
oil sludge, 821 

principles of combustion, 821 
products of combustion, 820, 821 
U.S. Department of Commerce, 820 
vaporized, 821 
full floating piston pins, 151 
fumes, 

outdoor air contaminants, 744 
fundamentals of air conditioning, 727-760 
fundamentals of refrigeration, 25-59 
furnaces, 

construction, 792, 795 
down flow (counterflow), 795 
efficiency operating costs (chart), 796 
electric, 835-836 
electrical safety, 811 
flame troubleshooting, 810-811 
gas- fired gravity, 761-762 
bonnet, 761 
heat exchangers, 761 
high -limit control, 761 
products of combustion, 761 
room thermostat control, 762 
warm-air registers, 761 
high-efficiency, 796, 798 
flue gas flow, 901 
PVC chimneys, 802, 803 
horizontal, 795-796 
ignition systems, 
direct-spark, 804, 805 
hot-surface, 804-805 
pilot-light, 804 
thermocouple, 804 
integrated mechanical systems, 798 
maintenance (gas), 807 
mid-efficiency, 796, 797-798 
oil, 820-834 
two-stage, 799 
types, 795-796 
upflow, 795 
venting, 799-805 
chimney classes, 801 
chimney construction, 801, 802 
code requirements, 799 
effect of temperature, 801 
effect on system efficiency, 799 
fuel losses, 799 
make-up air units, 803 
fuse ratings, maximum, 274 
fuses and circuit breakers, 250-251, 274-275 
blown fuse, 274 
circuit breaker, 250-251, 275 



maximum fuse ratings, 274 
National Electrical Code, 275 
types of fuses, 251 

current-limiting, 274, 275 

fast-acting, 274 

multipurpose, 274 

time-delay, 274 
Underwriters Laboratories, 275 
fusible link, fire dampers, 888 
fusible plug, commercial, 
refrigerant cylinders, 355 
relief valves, 538-539 



galvanic action, 578 

refrigerant tubing, 578 
sequence, 1127 
gas, 41 

adiabatic expansion and contraction of, 1131 
isothermal expansion and contraction of, 
1131 
gas and oil type heating systems, 789 
forced- air, 789 
hot water, 789 
hydronic, 789 
unit heaters, 789 
gas and vapor, 1131 
gas and water single unit, 

residential air conditioner, 699 
gas burners, 794, 795 

atmospheric injection, 794 

burner system, 794 

forced-air heating systems, 793, 794-795 

heat energy, continuous absorption 

systems, 693 
inshot 794 
luminous flame, 794 
orifice size, 794 
ported design, 793, 794 
power burner, 794 
ribbon design, 793, 794 
slotted design, 793, 794 
gas cross-charged sensing 

element — adsorption, 188 
gas equation, perfect, 53, 54 
gas furnace, 
burner system, 794 
burners, 793, 794-795 
checking gas pressure to manifold, 794 
controls, 1006-1010 
combination gas valve (CGC), 1007 
electric ignition, 1007 
electric interlocks, 1006 
electronic circuits, 1008 
flame sensor, 1006, 1007 
flame size, 1008 
main gas line valves, 1007 
modulator /regulator valve, 1009 
remote temperature selector, 1009 
sensors, 1006-1007 
downflow (counterflow), 795 
efficiency, 796 
AFUE rating, 796 
chimney classes, 797 
government standards, 796 
high-efficiency furnaces, 796 
integrated mechanical system, 798 
mid-efficiency furnaces, 796, 797-798 
operating costs, 796 
ratings, 796 
high-efficiency furnaces, 796 
AFUE ratings, 798 
Combined Annual Efficiency (CAE) ratio, 

798 
Complete-Heat system, 798 
integrated mechanical system, 798 
horizontal, 795-796 



insulation, 796 

insulation, as noise barrier, 796 
maintenance, 807 
mid-efficiency furnaces, 797, 798 

components, 797, 798 
safety interlock switch, 796 
upflow, 794, 795 
induced blower motor, 794 
gas heating systems, 

basic forced air components, 792, 793 
combustion, 789-791 
fuel gases, 791, 792 

furnace types and construction, 795, 796 
gas burners, 794, 795 
gas furnace efficiency, 796-798 
high-efficiency furnaces, 799 
ignition systems, 804, 805 
integrated mechanical system, 798 
mid -efficiency furnaces, 797, 798 
piping and gas pressure, 805, 806 
service and instrument check list, 807-808 
start-up check sheet, 806, 807 
troubleshooting, 
flame, 810-811 
ignition system, 808-810 
two-stage furnace, 799 
types of systems, 789 
unit heaters, 799 
venting of furnaces and chimney or exhaust 

gases, 799-803 
warm air duct system, 793 
gas law, 1130 

gas operating pressures (chart), 806 
gas piping and pressure, 805-806 
gas pressure to manifold, 

checking, 794 
gas values (constants), (chart), 53 
gas-charged sensing element, 188 
gases, 41 
gas-fired, 

forced air heating systems, 762-763 

room thermostat control, 762 
gravity furnace, 761-762 
heat exchanger, packaged terminal air 

conditioners, 865 
hydronic heating systems, 763-764 
boiler, 763 
expansion tank, 764 
room thermostat control, 764 
radiant heating systems, 839-840 
gaskets, compressor, 95-96, 172 
fastening devices, 95-96 
lead, 172 
paper, 172 

synthetic material, 172 
gaskets, door, 413 

gauge (service) manifolds, 90, 583-585 
connecting, 435—438 
hermetic systems, 434-438 
block, 434 
connecting, 435—438 
standard, 434 
types, 434-438 
testing commercial, 583-585 
gauge pressure, 38-39 
gauge thickness, 

air duct construction, 885 
gauges, 

care and calibration of, 92 
compound, 92 
high -pressure, 91 
high- vacuum, 468-469 
designs, 468 
electronic, 468 
solid-state thermistor, 468 
thermocouple, 468-469 
manifolds, 90 
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pressure measurement, 38-39 

vacuum, 91 
thermocouple, 468 
gear-type oil pumps, gun-type burner, 826 

names, 826 

single-stage, 826 

two-stage, 826 
generator, 687 

continuous absorption systems, 687, 688, 689 

electrical, 230-233 

intermittent absorption systems, 122, 123, 687 
GeoExchajige systems, 918, 920 
geothermal heat pumps, 771-772, 916 

alternative heating systems, 841 

heating systems, 771, 772 

water coil, 916, 925, 927 

water-source, 771, 772, 916 
giass fiber, insulation values, 640 
glass leakage, 640 

calculating, 640 
glass panel heaters, 840 
glass-enclosed display cases, 

with enclosed storage, 553 
global warming, 365-366 

global warming potential (GWP), 366 
glycol brine, 1137 
government standards, 

gas furnace efficiency, 796 
gravity, 

air circulation, 875 

flow, 689 

force of, 36 

heating system, 761-762 
grease fitting, 286 
greenhouse, 

evaporative cooling, 784-785 
grilles, 

air ducts, 886 

air measurement 900 

registers, air duct diffusers, 886 
grocery cabinet (reach-in), 548-550 

construction, 550 

net capacity, 550 

temperature range, 550 
ground coil heat pump systems, 771-772, 

916, 917, 924, 927 
grounding, 243-244, 273, 291, 297 

electric motor, 273 

electrical circuits, complete wiring 
diagram, 297 

refrigerator mechanism, 297 

safety, 244, 297, 420 

servicing and external testing of hermetic 
motors, 291 
Group A refrigerants, 338-351 

allowable quantities, 339 

azeotropic, 346-349 

R-ll trichlorofluoromethane, 340 

R-12 dichlorodifluoromethane, 340-342 

R-22 chlorodifluoromethane, 342-343 

R-134a tetrafluoroethane, 343-344 

zeotropic, 349-351 
Group B refrigerants, 351-352 

pressure- temperature curves, 351 

R-123 dichlorotrifluoroethane, 351, 352, 353 

R-717 ammonia, 351, 352 

toxicity, 351 
gun-type burner, 821 

components, 823-825 

controls, 1010-1011, 1012 

hydronic hearing svstems, oil-fired, 766 

oil furnaces, 821, 822-825 
electrical (transformer-electrode) 
ignition, 826-828 
delayed ignition, 828 
electrode gap, 827-828 
flameouc, 828 



puffback, 828 

high-pressure, 822 
low-pressure, 822 
oil pumps, 825-826 
gear-type, 826 

rotary-type, 825 

H 

hacksaws, 87-88 

blades, 88 
cutting tubing, 64 
halide torch, refrigerant leak detection, 445, 

446 
hammers, 83 
hand tools, 77--8S 

cold chisels and punches, 86—87 
dies, 86 
files, 87 

hacksaws, 87-88 
hammers, 83 
mallets, 83 
pliers, 83 

screwdrivers, 83, 84 
taps, 85-86 
twist drills, 84-85 
vises, 84 
wrenches, 77-82 
hand valve, 357 

See ciho manual valves 
hand-held infrared controllers, 

window units, 856 
hand-held tester, smoke test, 902-903 
hard-drawn copper tubing, 62 
hardened steel, valve plate, 153 
harvest cycle, 310-311, 313 

commercial, ice makers, 609 
HCFCs. See hydrochlorofluorocarbons; 

HCFC refrigerants 
head pressures, 171 

compressor volumetric efficiency, 171 
high side, 357 
ambient temperature, 357 
causes of above-normal, 357 
Group A refrigerants, 339 
Group B refrigerants, 351 
temperatures, 357 
heat, 27, 28, 789 
air properties, 874 
application of latent, 46 
as basic element of combustion, 789 
effect of, on pressure-heat cycle, 670 
effective latent, 645 
composition, 647 
latent, 45 
effect of pressure on, 647-648 
of vaporization, 645 
sensible, 44 
specific, 44 
transfer, 50-51 
coefficient, 1034 
conduction, 51-52 
control of flow, 51 
convection, 51 
methods, 50, 51 
radiation, 50 
rate, 1036 

variables, evaporator capacities, 655 
unit of, 43 
heat absorber, 132 

low-pressure side, 132 
heat anticipators, 993-994 
heat conductivity, 1121 
heat dissipator, 132 

high-pressure side, 132 
heat energy, 27, 42 

as a source of electrical energy, 207 
continuous absorption systems, 693 



heat equivalents, 44, 1117 
heat exchange, 743-744 
conduction, 743 
convection, 743 
evaporation, 743 
radiation, 743 
heat exchangers, 513, 761, 792 
commercial, 513 
flash gas, 513 
effect of, on pressure-heat cycle, 670 
forced-air heating systems, 792 
primary, 792 
secondary, 792 
water coolers, 562 
heat flow, 28 

control of, 51 
heat gain, 1034 
heat in air, 874 
heat input method, 666 

calculating motor sizes, 666 
heat insulation, 742-744 
collector surface, 973 
heat exchange, 743-744 
heat sink, 742-743 
materials, 742 
stratification, 743 
heat insulators, 51 
heat lag, 1043 

reduction of, air conditioning and heating, 
991 
heat leakage, 634, 1034-1035 
determining using tables, 642 
load, 634 
values, 1038, 1039 
variables, 634 
glass, 640 

K, R, and U factors, 634-636 
summer design temperatures (chart), 635 
thermal conductance (K), 635 
water-cooling loads, calculating, 660 
heat loads, 634-644, 893, 1033-1055 
air change, 636-637 
Charles' law, 636 
infiltration, 637 

total heat to be removed (chart), 637 
volume values (chart), 637 
balancing systems, 633, 634 
cabinet area, 

calculating, 638-640 
cabinet volume, 

calculating, 640-641 
commercial, 633-670 

construction types and designs, 1052-1054 
design temperatures, 1047, 1050 
determining, 633-634 

using tables, 643-644 
energy conservation, 1051 
for cooling, 1034 
for heating, 1034 

heat leakage, 634, 1034, 1039-1043 
determining using tables (short method), 
642 
insulation and vapor barriers, 1050, 1051 
K, R, and U factors, 635, 636 
miscellaneous, 638 
piping, 633-681 
evaporator and condensing unit capacities, 
650-651 
refrigerated products, 637-638, 639 
review of safety, 1054 
total, 634, 641-642, 1045-1047 
determining using tables, 643-644 
formula, 643 
U- and R-values (chart), 1037 
usage load, 
determining using tables (short method), 
643-644 
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heat loss and gain, 

factors (chart), 1049 
total energy management (TEM), 1026 
worksheet, 1048 
heat losses, 1033 
heat of compression, 49-50 
heat pipe, 721-722 
Khanh Dinh, 722 
wick, 721-722 
heat pumps, 316, 768, 841, 915-936, 977-978 
air circulation and relative humidity 

control, 947-948 
air-to-air, 915-916 

heating systems, 768 
central air conditioning systems, 936-948 
controls, 316 

inspecting residential, 945-946 
installing residential, 942-945 
servicing residential, 946-947 
check valves, 172, 916 
closed-loop, 916, 917 
combined with liquid solar collectors, 

929-932 
commercial rooftop units, 956-957 
complete air conditioning systems, 915-967 
compressors, 921 

condenser and evaporator coils, 923-927 
air coil, 924-925 
ground coil, 927 
split, 925 

water coil, 925, 927 
defrosting, 927, 929 
direct expansion system (DX), 916 
dirty sock syndrome, 929 
efficiency, 918, 920 
environmental comfort systems, 916 
geothermal, 771, 916 
Energy Star (EPA), 920 
GeoExchange, 918, 919 
season performance factor (SPF), 920 
split system with internal pumping, 925 
Total Resources Cost (TRC) test, 920 
heating and cooling cycles, 916-918 
hermetic, 920-921 
installation, 933-934 
motors, 921-922 
open systems, 916 
operation, 91 6-920 
refrigerant controls, 
capillary tube, 923 
defrost, 922 
flow check piston, 923 
four-way reversing valves, 923 
pressure-operated reversing valves, 923 
reversing valves, 923 
solenoid pilot valve, 923 
solenoid reversing valve, 923 
temperature, 922 

thermostatic expansion valve, 923 
three-way reversing valves, 923 
review of safety, 966 
servicing, 934-936 
solar heating systems, 929-932 
supplemental resistance heaters, 929 
supplementary heat to solar energy, 977-^978 
systems, 768-772, 920-929 
theory, 915 
troubleshooting, 934 
two-speed, 921 
types, 915-916 
water heaters, 932-933 
water source, 771, 772, 916 
heat recovery, 

air cleaning ventilation system, 907-908 
refrigerant-to-water, 566 
heat removal, commercial, 
product heat loads, 637-638 



latent, 637, 638 
respiration, 637, 638 
specific, 637, 638 
heat sink, 742-743 

effects of radiating heat rays, 742-743 
radiant hearing systems, 768 
heat sources, absorption systems, 686 
continuous absorption systems, 689-692 
electrical, 686 
kerosene, 686 
natural gas, 686 
solar energy, 686 
steam, 686 
heat stress, 

measurement of, 753 
heat usage, service load, 634, 642 
heat-absorbing ability (HA), 49 
heater core, 1057, 1058 
heaters, unit, 789, 799 
heating, 

analysis guide, 1098 
calculating air volumes for, 893-895 
determining duct size, 893, 894 
determining velocity, 894 
formula, 894 
heat load, 893 

recommended temperatures, 893 
hearing and air conditioning systems, 
basic, 761-788 
review of safety, 786-787 
heating and cooling cycles, 

heat pumps, 916-918 
heating and cooling systems, 
absorption, 702 
district, 965-966 
heating and humidification systems, 789-851 
alternative heating methods, 841, 842 
electric heating, 834-841 
gas heating systems, 789-811 
humidification, 842-847 
hydronic radiant heating, 811-820 
oil furnaces, 820-S34 
review of safety, 847, 848 
heating coils, 
installation, 840 
servicing, 840-841 
troubleshooting, 841 
heating cycle, 

absorption systems, chiller, 703, 705 
heating elements, 

electric resistance heating, 837-838 
open ribbon, 837 
open wire, 837 
safety, 837 

tubular cased wire, 837, 838 
heating gas valves, 

continuous absorption systems, 693 
heating service, water coolers, 562, 563 
heating systems, 
air heat pump, 841 
air-to-air heat pumps, 768-770 
alternative, 841-842 
regeneration, 842 
combustion, 789-791 
electric, 834-841 
infrared, 789 
radiant, 789 
electrical resistance, 767—768, 836—839 
circuit breaker locations, 768 
operation, 767-768 
power supply, 767 
room thermostat control, 768 
forced-air, 789 

components, 792-793 
fuel gases, 791-792 
gas and oil types, 
forced-air, 789 



hot water, 789 
hydronic, 789 
unit heaters, 789 
gas-fired forced air, 762-763 

room thermostat control, 762 
gas-fired gravity furnace, 761-762 
bonnet, 761 
heat exchangers, 761 
high-limit control, 761 
products of combustion, 761 
room thermostat control, 762 
warm-air registers, 761 
gas-fired hydronic, 763-764 
boiler, 763 
expansion tank, 764 
room thermostat control, 764 
geothermal heat pump, 771-772, 841 
cooling cycle, 771, 772 
ground coil, 771 
heating cycle, 771, 772 
gravity, 761-762 
hot water, 789 
humidification, 842-851 
installation, start-up check sheet, 806 
oil-fired forced-air, 765-766 
atomized fuel, 765 
firepot, 765 

refractory material, 765 
room thermostat control, 765 
oil-fired hydronic, 766-767 
expansion tank, 767 
gun- type burner, 766 
high limit control, 767 
room thermostat control, 767 
piping and gas pressure, 805—806 
radiant, 768, 789, 839-840 
heat sink, 768 
insulation, 768 
room air conditioner with electric heat, 775 
safety review, 847-848 
service and instrument check list, 807-808 
solar, 842 

solid fuel, 841-842 
steam, 819-820 
two-stage furnace, 799 
unit heaters, 789, 799 
wiring diagram, 800 
hearing thermostats, 984, 989, 994 
electric /pneumatic, 985 
electronic, 991, 995-998 
heat anticipators, 993-994 
pneumatic, 985 

principles of operation, 989-992 
short-cycling problems, 991 
heating value of fuels, 1120 
heating-cooling thermostats, 984 
helical rotors, 163 
female, 163, 164 
male, 163, 164 
screw compressors, 163 
helium (as a refrigerant). See R-704 
hermetic, 116 
hermetic capacitor-start, capacitor-run <CSCR> 

motor, 268 
hermetic capacitOT-start, induction-run (CSIR) 

motor, 268 
hermetic centrifugal compressor, 168 
hermetic compressors, 147-148 
commercial, 
installing, 621 
removing, 621 
servicing, 600-601, 620 
conventional twin-piston, 147 
cylinder head, 152 
dome, 147 

lubrication, centrifugal force, 147 
motor compressor, 147 
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motors, 168, 290-291 
pistons and rings, 150-152 
room air conditioners, 773 
rotary, 161 
screw, 164 
scroll, 161 
service chart, 622 
hermetic dome, 147 
hermetic heat pump systems, 920-921 
hermetic motor compressors, 
motor speeds, 261, 262 
servicing a stuck compressor, 291-292 
hermetic refrigeration system diagnosis 

(chart), 1088, 1089 
hermetic refrigerator-freezer, troubleshooting, 

421-423 
hermetic rotary compressor, packaged 

terminal air conditioners, 865 
hermetic service valves and adaptors, 438-444 
core valves, 443, 444 
piercing valves, 442, 443 
process tube and adaptors, 440-442 
systems with valve adaptors, 439, 440 
hermetic servicing, 427 
hermetic split-phase (SP) induction motor, 

266-267 
hermetic system motors, 265-272 
calculating motor speed, formula, 265 
compressors, installing commercial, 621 
cooling, 265 

electrical characteristics, 266 
positive temperature coefficient (PTC) 
resistor, 266 
hermetic split-phase (SP) induction motor, 

266-267 
hermetic unit, 265 
motor capacitors, 267-271 
hermetic capacitor-start, capacitor-run 

(CSCR) motor, 268 
hermetic capacitor-start, induction-run 

(CSIR) motor, 268 
hermetic polyphase motor, 270-271 
permanent split capacitor (PSC) motor, 
268-269 
polyphase motor, 270-271 
capacitors, 270-271 
phase loss monitors, 271 
safety, 271 
servicing, 
and external testing of, 290-291 
and repairing, 290-292 
commercial, 620 
single-phase induction, 
capacitor-start, capacitor-run (CSCR), 266 
capacitor-start, induction-run (CSIR), 266 
permanent split capacitor (PSC), 266 
split-phase (SP), 266, 267 
terminals, 
built-up, 272 
insulation, 271-272 
types, 266-267 
hermetic systems (commercial), 265, 478-480 
applications, 480 
condenser locations, 479 
field serviceable (accessible) types, 478 
outdoor air-cooled condensers, 482-486 
refrigerant recovery and evacuation, 448-452 
servicing and installing, 417-472 
tandem assembly motor compressors, 480 
hermetic systems (small), 417-472 

capillary tube servicing, 453-455, 462-463 
checking for restricted system, 455^56 
correct installation, 455 
correct rube sizes, 453 
importance of correct amount of refriger- 
ant, 453 
incorrect installation, 455 



charging, 436-437 
compressor running test 1, 449 
compressor running test 2, 449-450 
compressor running test 3, 450 
exact amount, 450 
heating the refrigerant, 450 
portable charging cylinder or digital scale, 

450-451 
procedure, 449 
compressor burnout, 
acidic oil, 460 
causes, 459-460 
cleanup, 460 
flushing system, 460 
safety, 46 0~ 
condensers, 461 

leak repairs, 461 
conditions indicating lack of refrigerant, 448 
diagnosing component problems, 452-459 
disposal, 421 
door heater, 424 
electrical problems, 453 
evacuating, 437, 438 
methods, 463 

with vacuum pump, 463-470 
evacuation methods, deep vacuum, 463, 
464-466 
air removal, 465, 466 
checking for moisture, 465 
heating the unit, 465 
two-stage vacuum pumps, 467 
evacuation methods, triple evacuation, 
463, 464, 466 
pressure testing, 466 
safety, 466 

single-stage vacuum pumps, 467 
thermistor vacuum gauge, 464 
evaporators, repairing, 462 
aluminum, 462 
stainless steel, 462 
faults, locating, 453 
filter-drier service, 
installation, 458 
liquid driers, 457 
location of driers, 457, 458 
rate of water absorption, 457 
solid driers, 457 
gauge (service) manifold, 434-438 
block, 434 
connecting, 435-438 
standard, 434 
high- vacuum pumps, 467-469 
breaking the vacuum, 469 
compound pumps, 468 
designs, 467 

diffusion type vapor pump, 467 
effects of moisture, 467 
high- vacuum gauges, 468-469 
oil, 467-468 

oil-sealed rotary pump, 467 
pressure scales, 469 

rotary pump evacuation procedure, 467 
sight port, 467 
using, 469-470 
hot gas defrost problems, 458^*59 
installation, 460-461 
internal service operations, diagnosing 
internal troubles, 433-434 
indication of wax restriction, 434 
installing drier in liquid line, 434 
moisture in the refrigerant circuit, 433-434 
removing wax, 434 
shortage of refrigerant, 434 
oil, 
adding, 451—152 

connecting transparent charging cylinder, 
452 



lack of, 451 
overcharge, 451 

single-service-line technique, 452, 453 
system with low-side leak, 452 
using a pump, 452 
viscosities, 451 
overhaul, 470 

equipment, 470 
pressure-testing for leaks, 444-445 
pumping ability, checking, 453 
purging service lines, 436 
refrigerant leak detecting devices, 
bubble solutions, 445, 446 
electronic detectors, 445, 446-447 
fluorescent dyes, 445, 446 
halide torch, 445, 446 
refrigerant dyes, 445, 446 
refrigerant leaks, repairing, 448 
refrigerant recovery and evacuation, 448-452 
refrigerators arid freezers, installing, 419 
cooling fans, 420 
electrical plug types, 252, 420 
electrical supply, 419-420 
ice cube makers, 421 
leveling, 420 
positioning, 419 
proper grounding, 420 
proper ventilation, 420 
shutting down, 421 
starting, 420-421 
starting, adjusting, 420-421 
uncrating, 419 
removing the unit, 470 

transporting, 470 
replacing components, 459-463 
preparation for, 459 
removing compressor, 459 
removing refrigerant, 459 
service and installation review of safety, 

470-471 
service valves and adaptors, 438-444 
applications, 440—141 
core valves, 443, 444 
piercing valves, 442-443 
pinch-off tool, 441, 442 
process rube, 440 
purposes, 439 
valve adaptors, 440 
serviceable, 158 

servicing and installing, 417-472 
instruments, 417 
supplies, 418-419 
tools, 418 
troubleshooting the refrigerator-freeze^ 
421^27 
chart, 422-423 

cleaning the external mechanism, 433 
conditions, 421 
cycling time, 427 

diagnosing external troubles, 428-433 
electrical troubleshooting, RED system, 

430-431 
external servicing operations, 427-428 
high -pressure gauge, 424, 425 
ice on the evaporator, 424 
inspection mirror, 426 
locating and eliminating noises, 426 
moisture and ice in the cabinet insulation, 

424 
short-cycling, causes, 432, 433 
starting a stuck compressor, 431-432 
temperature-pressure conditions, 

424-425 
testing capacitor-start, capacitor-run 

motors, 429, 430 
testing capacitor-start, induction-run motor, 
429 
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troubleshooting the refrigerator-freezer, 
Continued 
testing the mullion heater, 430 
ultrasonic leak detector, 426 
using a recording thermometer, 430 
using test cords, 428, 429, 430 
two-stage rotary vacuum pump, 463 

with valve adaptors, 439-440 
using a piercing valve, 453 
volt-ampere reading, checking, 453 
Herschel, John, 

Sterling cycle, 724-725 
Hertz (Hz), measurement of sound frequen- 
cies, 756 
HFC refrigerants, 337 
chart, 336 
retrofitting, 337 
HFC-124, marine refrigeration, 713 

See also R-124 
HFC-134a, liquid and suction lines sizes, 674 

See also R-134a 
HFCs. See hydrofluorocarbons; HFC refrig- 
erants 
high carbon alloy steel, compressor valves, 

154 
high side, 132 

high-efficiency furnaces, 796, 798, 799 
AFUE ratings, 798 
Combined Annual Efficiency (CAE) ratio, 

798 
Complete-heat system, 798 
design, 798 
wiring diagram, SOD 
flue gas flow, 901 

integrated mechanical system, 798 
principles of operation, 798 
PVC chimneys, 802, 803 
high-limit control, 761 
high-pressure chillers, commercial, 

chilled water systems, 951 
high-pressure gauges, 91, 424 
high-pressure gun-type burner, 822, 823 
high -pressure safety cutout, commercial, 514 

controls, 514 
high-pTessure side (heat dissipator), 132 
high-pressure side float, 177 

automatic refrigerant flow controls, 177 
high-side float (HSF), 140 

compression system refrigerant controls, 

200 
copper float, 200 
float chamber, 200 

refrigerant control, compression system, 107 
refrigerant flow control, 140, 144 
steel float, 200 
weight check valve, 200 
high-side method, commercial, charging, 

586, 588 
high-side service valve (HSV), 125 
high-side, compressor service valve, 136 
high-vacuum gauges, 468-4:69 
cleaning, 469 
electronic, 468 
solid-state thermistor, 468 
thermocouple, 468-469 
high-vacuum pumps, hermetic systems, 
467-469 
breaking the vacuum, 469 
designs, 467 
diffusion type, 467 
high-vacuum gauges, 468-469 
cleaning, 469 
electronic, 468 
solid-state thermistor, 468 
thermocouple, 468-469 
oil, 467-468 
compound pumps, 468 



effects of moisture, 467 
sight port, 467 
pressure scales, 469 
procedure, 469 
rotary pump (oil-sealed), 467 
evacuation procedure, 467 
using, 469-470 
using manifold, 469 
vapor pump (diffusion type), 467 
horizontal furnace, 795-796 
horsepower, 42, 273, 650 
hot gas automatic defrost, 390-394 
cabinets, 390, 393 
electric heater, 393, 394 
hot gas bypass, 664-665 
evaporator servicing, 618 
valves, servicing, 618 
hot gas defrost, 125-128 
controls, 327-328 
evaporator defrosting, 506-508 
problems, 458, 459 
solenoid valve, 327, 328 
systems, 506-508 
hot gas method, domestic absorption units, 

689 
hot refrigerant vapor system, 
evaporator defrosting, 506 
hot water heaters, 
heat pump, 932-933 
solar, 976 
hot water heating systems, 789, 811-819 
hot wire, 278 
hot wire anemometers, 

air measurement instruments, 900 
hot-surface ignition systems, 
principles of operation, 804-805 
silicon carbide, 805 
troubleshooting, 808, 809 
HSV (high-side service valve), 125 
humidification, 842-852 
humidifiers, 842-847 
lack of moisture, 842 
humidifiers, 773, 842-847 
air circulation systems, 947 
applications, 842-846 
cabinet, 846 
electric, 845 
fan, 844 
fixed filter, 844 
heat load, 1044, 1045 
humidistat, 844 
piezoelectric crystal, 843-844 
plate, 844 

plenum/ duct electric, 844 
plenum/ warm air duct, 844 
principles of operation, 843-846 
relative humidity control, 842, 844, 845, 947 
room, 773 
rotating disk, 844 
rotating drum, 844 
servicing and installing, 846-847 
types, 844-846 
ultrasonic, 844 
warm air systems, in, 843 
water quality, 845 
demineralized water, 845 
medium hard water, 845 
soft water, 845 
softened water, 845 
very hard water, 845 
humidistats, 316, 844, 870, 1017 
hygroscopic element, 1017 
room dehumidifiers, 773 
solid-state sensors, 1017 
humidity, 54, 104, 729-731 
controls, 330, 730, 1015-1017 
central air conditioners, 775 



electrical system, 1016 
humidistats, 330, 1016, 1017 
hygroscopic element, 1017 
sensing element, 1017 
solid-state sensors, 1017 
thermo-humidigraphs, 731 
Wheatstone bridge, 330 
desiccants, 730 
hygrometers, 729, 730 
hygroscopic substances, 730 
ice refrigeration, 104 
indicators of low, 729 
measurement, 729-730 
relative, 54, 729 
hunting, 198-199 
HVAC controller, 1074-1076 
HVAC module, automotive air conditioning, 

1067 
hybrid, 1028 

hybrid solar energy systems, 971 
hydraulic thermostats, 985 
hydrocarbons, 790 

hydrochlorofluorocarbons (HCFCs), 
EPA regulations, 366 
global warming, 365-366 
ozone depletion potential (ODP), 365, 366 
phaseout of, 337 
phaseout schedule, 366 
R-22, R-123, 337 
refrigerants, 336-337 
hydrofluorocarbons (HFCs), 337 
hydrogen (H : >, 

ah composition, 728 
as a refrigerant. See R-702 
continuous absorption systems, 687, 688 
hydrogen sulfide, 

outdoor air contaminants, 745 
hydTonic heating systems, 763-764, 766-767, 
789, 811-820 
balancing water flow, 816-817 
boiler, 811 

centrifugal- type circulating pump, 812 
circulating pump, 812 
control module, 811 
controlling organic growth, 817 
controlling system, 816 
controls, 817, 1013 
direct return, 816 
floor radiant systems, 811, 812 
fluids, 815-816 
allowable impurities (chart), 817 
corrosion, 815-816 
deareration, 815-816 
embrittlement, 815, 816 
salts, 815 
scale, 815 
gas-fired, 763-764 
installing, 817 
mounting boiler, 817 
oil-fired, 766-767 
operating sequences, 816-817 
pipe systems, 816-817 
pump, 812, 813 
reverse return, 816 
steam, 819-820 
temperature control, 812, 814 
flow switch, 814 
individual radiator, 814 
single, 812, 814 
zone, 814 
thermostats, 999 
troubleshooting, 818-819 
hygrometers, 

humidity measurement, 729, 730 
hygroscopic element, 1017 
hygroscopic substances, 730 
See also desiccants 
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I 

ice, 

dry, 51-52, 118 
as a frozen food refrigerating device, 118 
for refrigerating materials on aircraft, 118 
safety, 52, 118 

solid carbon dioxide (C0 2 ), 51 
sublimation, 51, 118 
transportation, 709 
in cabinet insulation, 41 
melting effect (IME), 1115 
on evaporator, 424 
ozonized, 724 

refrigerating effect of, 47-^18 
refrigeration, 103-104 
transportation, 709 
truck systems, 710, 712 
ice and salt mixtures, 48, 104 

freezing point depression, 48 
ice bank, 328 
controls, 328-329 
air conditioning system, 328 
drink dispensers, 328 
medium- temperature refrigeration 

systems, 328 
sensing bulb, 329 
ice cream, 
cabinets, 558 
chest, 558 
operation, 558 
self-contained, 558 
temperatures, 558 
upright, 558 
freezing and storage load, 660, 661 
commercial, 660-661 
heat loads, 661 
ice cube makers, 
evaporators, 500-504 
ice shapes, 502 
installing, 421 
ice flaker systems, 

commercial evaporators, 501-502 
troubleshooting chart, 1095-1097 
ice makers, 115, 563-564 
cabinet insulation, 564 
capacity, 564 
controls, 310-314, 519 
fill cycle, 609 
freeze cycle, 609 
harvest cycle, 609 
mechanical levers, 519 
opera don, 563-564 
service procedures, 310 
servicing, 609 
signal arm, 314 
solid-state, 401, 403 
spray tubes, 609 
ice-based air conditioning systems, 962-963 
ignition systems, 804, 805 
direct-spark, 804 

troubleshooting, 805, 808-810 
furnace, 804-805 
hot-surface, 804-805 

troubleshooting, 808-809 
standing-pilot, 804 
IME (ice melting effect), 1115 
immersed evaporator (brine), commercial, 

499 
immersion freezing, 722-723 
impedance, 218 
impellers, 160, 161, 165 

centrifugal compressors, 165, 168 
stationary blade compressor, 161 
stationary blade rotary compressor, 160 
incandescent, 836 

electric resistance hearing, 836 
incident radiation, solar energy, 970 



incomplete combustion, 790-791 

byproduct (carbon monoxide), 791 
individual radiator control, temperature, 814 
individual round pipe supply systems, 878 
indoor air contaminants, 747-750 
asbestos, 747 

removal, 747 
bioaerosols, 747 
Building Related Illness, 747 
Legionnaire's disease, 747 
preventative maintenance, 747 
carbon dioxide (C0 2 ), 747, 748 
diagnosing contamination, 747, 748 
ASHRAE Standard 62-1989, 748 
procedure for diagnosis, 748 
duct cleaning, 750 

measuring filter efficiencies, 749-750 
atmospheric dust spot efficiency, 749 
DQP smoke penetration method, 

749-750 
synthetic dust weight arrestance, 749 
radon, 747 

servicing ventilation systems, 748 
indoor air quality (IAQ), 746-747 
air duct construction, 885, 886 
Building Related Illnesses (BRI), 747 
Multiple Chemical Sensitivity (MCS), 747 
problems, 746-747 
Sick Building Syndrome (SBS), 746 
indoor blower motor, 792 

components, 792-793 
indoor climate, 740 
indoor coil, heat pump, 919, 923, 926 
induced (current), 259 
induced draft, air ducts, fans, 889 
induced-draft, 792 

blower motor, 792 
induction, electromagnetic, 227-228 
induction motors, 259 
armature (rotor), 259 
copper bars, 259 
hermetic machines, 259 
induced (current), 259 
ru rming winding, 259 
starting relay, 259 
starting winding, 259 
inductive loads, 218 
inductors, 234 

industrial applications, 567-569 
cryogenic food freezing, 568 
fast-freezing systems, 568 
freeze drying, 723 
locker plants, 567-568 
maintaining critical dew point, 567 
processing plants, 567 
refrigeration, 547 

troubleshooting chart, 1092-1094 
storage of refrigerated foods, 568 
infiltration, 1026, 1035-1036 
air change heat loads, 637 
air movement, 637 

as factor in calculating ventilation, 876 
infrared, 

heat controls, 1011-1013 
heating systems, 789, 839-840 
radiation, solar energy, 970, 971 
thermometer adjustment values, 1114 
unit heaters, 799 
inspection mirror, 

using to locate and eliminate noises, 426 
inspection report, 1101, 1102 
instruments and gauges, 88-94 
care and calibration, 92 
pressure gauges, 89-92 
thermometers, 88, 89 
insulation, 382, 742 
air ducts, 878, 884 



automotive, 1073 

cabinet, moisture and ice in the, 424 
frozen food open display cases, 555 
furnace, 796 
heat conductivity, 1121 
heat exchange, 743-744 
heat leakage, 634, 1039 
heat sink, 742-743 
K, R, and U factors, 634-636 
materials, 742 
stratification, 743 
tubing, 579 
values, 640 

vapor barriers, 1050, 1051 
building insulation and ventilation for 

electric heating, 1051 
ponded roof, 1051 
walk-in cabinets, 551-552 
intake and exhaust ports, 158 
external- drive compressors, 158 
reciprocating compressor, 158 
intake valve, 132, 153 
integrated circuits, 240, 241 
integrated mechanical system, 

space and hot water heating, 798 
interlocked, 984 
intermediate refrigerant units, commercial, 

evaporators, 657 
intermittent, 

absorption systems, 120-122, 686 
ammonia, 686 
fuse plug, 687 
generation, 6S7 
operation, 686-687 
Superfex, 686 
Trukoid cycle, 686 
water and ammonia, 120 
forced air, air circulation systems, 875 
operation, starting capacitors, 283 
internal service operations, 433-434 
diagnosing internal troubles, 433 
moisture in refrigerant circuit, 433, 434 
shortage of refrigerant, 434 
wax, 434 
International Institute of Ammonia 

Refrigeration, 352 
intrinsic semiconductors, 235 
inverter, 236, 237 
ionizing air, 906-907 
ionosphere, 728 
IR. See voltage drop 

isothermal expansion and contraction of a 
gas, 1131 



jet cooling systems, 718, 719, 781-782 

components, 718 

energy conservation, 718 

jet pump, 718 

refrigerant jets, 718 

refrigerants, 718 

steam jets, 718, 781 

water as refrigerant, 718, 781 
joints, 

air duct construction, 882, 883, 884 

tubing, connecting, 66-76 
Joule (J), 28, 42, 43 
Joule-Thompson process, 723 

K 

K factor, 

heat leakage variables, 635-636 
thermal conductance (K), 635, 1035 

Kata thermometer, 1113 

Kelvin (Celsius absolute) scale, 29 

Kelvin, Celsius, Fahrenheit, and Rankine 
thermometer scale, comparison, 31 
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kerosene, heat sources, absorption systems, 

120, 122, 686 
kilocalorie, 44 

heat measurement, 44 
kilojoule <kj), 43 

heat measurement, 43 
kilovolt amperes (kVA), 24S 
kilowatt, 42 
kinetic energy, 42 

physical properties of air, 728 
kPa, 37 



laboratory refrigerated incubaiOTs, 566-567 
ladder diagram, 297, 298 
latent heat, 45, 46 

application, 46 

effect of pressure on, 647-648 

effective, 645, 647 

foods (chart), 639 

of vaporization, 645 
laws of refrigeration, 131 
laws of thermodynamics, 1120 
leaks, 

detecting devices, 445^147 
bubble solutions, 445, 446 
electrochemical, 446^47 
electronic, 445, 446-447 
fluorescent dyes, 445, 446 
halide torch, 445, 446, 1079 
refrigerant dyes, 445, 446 
ultraviolet, 446, 1080 

locating, 444 

pressure-testing for, 444-445 
safety, 444-445 

repairing, 448, 1108 

testing for, 585-586, 1079-1080 
Legionnaire's disease, 

bioaerosols, 747 

cooling towers, 495 
leveling, 

refrigerators and freezers, 420 
light radiation, solar energy, 970 
lighting, heat gain, 1026 
lighting systems, 

walk-in cabinets, 552 
limit controls, 297, 1000 

applications, 1004-1005 

energy management systems, 1026 

operation, 1004-1005 
line voltage transformer, 247-249 
line-voltage thermostats, 986, 988-989 

droop, 992 

operation, 988-989 

swing, 992 
linear measurement 

length, 33 

equivalents, 
U.S. conventional, 51 metric, 1115 
liquefied petroleum (LP gas), 

fuel gas, 791 

properties, 791 

using in gas burner, 794-795 
liquid absorbent, 

absorption systems, 686 
liquid and suction line sizes, 

HFC- 134a, 674 

R-12, 672 

R-22, 673 
liquid bypass, commercial, 665 
liquid carbon dioxide, 

expendable refrigerants, 713 

immersion freezing, 722-723 

truck systems, 712 
liquid cross-charged sensing element, 180, 188 
liquid evaporator capacities, 657 
liquid floodback, 927 



liquid helium (as a refrigerant). See R-704 
liquid level indicators, refrigerant charge, 

condensing units, 597 
liquid lines, 139 

commercial, 

servicing, 623 
copper tubing, 139 
filter-driers, 139 
commercial, 542-543 
sight glass, 139 
steel tubing, 139 
liquid measure equivalents, 1117 
liquid nitrogen, 118, 722 

as a refrigerant (K-728), 352, 354 
cryogenics, 52, 53, 723 
expendable refrigerants, 713 
freeze drying, 723 
immersion freezing, 722-723 
truck systems, 712 
liquid oxygen, 723 

cryogenics, 723 
liquid receivers, 139, 495 
commercial, 495-496 
design, 495 
refrigerant charge, condensing units, 

596 
sizes, 669 
condenser, 596 
service valve (LRSV), 125 
liquid solar collectors, 

heat pumps combined with, 929-932 
liquid transfer method, 370 
liquid velocity, 
R-12, 670 
R-22, 670 
R-500, 670 

refrigerant lines, commercial, 670, 671 
liquid- charged sensing element, 187 
liquid -cooling evaporators, 
commercial, 496, 499-500, 654 
capacities, 657 
U-value, 655 
immersed (brine), 499, 500 
immersed (sweet water), 500 
pressure (beverage), 500 
liquids, 40-41 
liquid-vapor valve, 356 
listing, 426 
lithium bromide (LiBr), 125, 706 

absorption cycle air conditioning, 779 
as an absorber, 702 
commercial absorption systems, 702 
systems, 
evacuation, 706 
servicing, 706 
typical charge, 706 
using helium to test for leaks, 706 
using R-13 to test for leaks, 706 
water solution, 779 
lithium chloride, 125 
localized controllers, 1026-1027 
locked current draw, 278 
locked rotor amperage, 264 

starting current, 264 
locker plants, 567 
lockout relay, 1002 

louvers, attic ventilation methods, 877 
low pressure, 
causes, 681 
chillers, 951 

gun-type burner, 822, 823 
refrigerant control capacity, 681 
low side, 132 

charging, 586, 587 
filter-drier, 

compression cvcle, 134-135 
float (LSF), 140, 143, 145, 199-200 



compression system refrigerant controls, 

199-200 
flooded systems, 143 
oil binding, 145,199 
refrigerant control system, 105, 106 
refrigerant flow control, 140, 143, 145 
pressure control valves, 532-533 
pressure limiter, 318 
lower atmosphere, 728 
low-pressure side 
float, 177 
heat absorber, 132 
low-voltage thermostats, 986 
classifications, 989 
droop, 989 
LP fuel, 686, 791, 794 
heating value, 1120 
LRSV (liquid receiver service valve), 125 
lubricants, use with various refrigerants 

(chart), 362 
lubrication, 170 

compressors, pressure-lubricated, 170 
force feed system, 170 
motor, 286 
ball bearings, 286 
oilless bushing, 287 
slip ring system, 286 
wick system, 286 
oil pump, 170 
oils, 170 

pressure system, 170 
pressure-controlled electric switches, 

170 
reciprocating compressors, 170 
rotary compressor, 170 
splash system, 170 
unloading device, 170 
viscosity, 170 
luminous flame, gas burners, 794 

M 

machine screws, 95, 96 
magnetic clutch, 1060 

automotive air conditioning systems, 
785-786 
magnetic contactors, 517-518 
magnetic permeability, 228 
magnetism, 224-234 

capacitance, capacitors, 228-230 

electrical generator, 230-233 

electro, 226-228 

induced, 226 
inductance, 233, 234 
inductors, 231 

magnetic field strength, 228 

permanent, 225, 226 

permeability — reluctance, 228 

reactance, 230 

solenoid, 228 
main bearings, crankshaft, 156 
maintenance service contract, 1094 
make and break, 1002 
make-up air, 740 

units, 803 
mallets, 83 

manifolds, gauge, 90, 91 
manometers, 752 

air measurement instruments, 900 

air quality systems, 39, 40, 752 

checking gas pressures, 805, 806 

dial-type, 752 

inclined, 739 

mercury, 91 

micromanometer, 900 

principles of operation, 39, 40 

U-tube, 752, 806 

water, 39 
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manual control systems, 

automotive, 1073-1074 
manual installation valves, commercial, 537 
manual valves, 

commercial, 536-539 

condenser service valves, 536 

manual installation valves, 537 
relief valves, 538, 539 

riser valves, 537, 538 
manufactured fuel gases, 791 

butane, 791 

propane, 791 

properties, 791 

safety, 791-792 
marine refrigeration, 713 

HFC-124, 712 

refrigerant restrictions, 712 

saltwater-cooled units, 712 
mass, 36 
master connecting rods, 146 

external -drive compressors, 146 
matter, theory of, 1121 
maximum fuse ratings (chart), 274 
maximum operating pressure (MOP), 191, 192 
McLeod gauge, 91 

MCS (Multiple Chemical Sensitivity), 747 
mean effective pressure (MEP) method, 

calculating motor sizes, 666 
measurement, 

air, 900-903 

angular, 35 

area, 34 

decimals and fractions of an inch, 33 

energy units, 50 

enthalpy, 52 

force, 4142 

heat, 43-44 

humidity, 729-730 

linear, 33 

metric units and U.S. conventional units 
equivalents, 33 

noise, 755-758 

ozone concentration, 746 

power, 42-43 

pressure, 37-39 

solar energy, 970 

sound pressure, 756 

sound strength, 756 

specific heat capacity, 44-45 

temperature, 28-29 

U.S. conventional units, 33 

vacuum, 39 

velocity, 736-739 

volume, 34-35 

weight and mass, 36, 37 
measuring fan performance, 

air ducts, 891 
measuring filter efficiencies, 749 
measuring tools, 92-94 

anemometer, 
hot wire, 737 
rotating, 737 

barometers, 752 

English micrometers, 93-94 

hygrometers, 729, 730 

manometers, 39, 752 

metric micrometers, 94 

micromanometers, 900 

micrometers, 93-94 

ozone monitors, 746 

psychrometers, 732 

rules and tapes, 92, 93 

thermo-humidi graphs, 731 

velocimeter (swinging vane), 737-738 

velocity pressure (pi tot tube), 737, 738 
mechanical components, 381, 473, 475 
mechanical dynamometer, 290 



mechanical energy, 50 

mechanical refrigerating system, 56, 57 

mechanisms, 

absorption systems, 685 

automotive air conditioning, 1057, 1058 

commercial, 473, 475 

domestic systems, 381 
MEP (mean effective pressure) method, 666 
mercury, 

barometer, 91 

conversion into psia (chart), 39 

gauge, 38, 39 

manometer, 91 

switch, 301 
metal flex liner, chimneys, 801 

installation, 801-802 
metal liner, combustion chamber, 

oil furnaces, 822 
metals, determining types, 448 
metering devices, 177, 1068-1069 
meters, sound level, 757 
methane as a refrigerant. See R-50 
methyl chloride as a refrigerant. See R-40 
methylene chloride as a refrigerant. See R-30 
metric, 

micrometers, 94 

pressure-heat diagrams, 1133, 1134-1135 

tube fittings, 69 

tube sizes, 63 
micromanometers, 900 
micrometers, 93-94 
micron (\i), 33 

mid- efficiency furnaces, 796-798 
milk coolers and dispensers, 565 
millivolt, thermostats, 989 
mineral oil, 97, 361, 362 
mineral spirits, 97 

minimum stable signal (MSS) setting, 187 
miscellaneous heat loads, 638 

calculating, 638 

electric motors, (chart), 640 

occupancy (chart), 640 
mobile air conditioning, 

Clean Air Act Section 609, 378 

mobile homes, 
absorption systems, 686, 696 

servicing regulations, 378-379 
modular refrigeration systems, 562 
modulate, 984 
modulating, 

controls, 1001 

refrigeration cycle, 114-115 
moisture, 

excess, 845, 869 

lack of, 842, 843 

measurement of, 729 
moisture and ice on cabinet insulation, 424 
moistUTe in, 

air, 54, 729, 1127 

commercial system, 594-596 

liquid refrigerants, 1133 

refrigerant, 361, 362 

refrigerant circuit, 433, 434 
moisture indicators, (chart), 542 

commercial refrigerant lines, 541-542 
moisture removal, 

commercial, 595-596 
driers and filters, 595 
filter-driers, 139, 141, 542-543 

cooling cycle, 854 

dehumidifying, 869 

small hermetic systems, 434 

using a vacuum pump, 463 
moisture-holding properties of air, 1127, 1128 
mold, 745, 929 
monel metal, seats, 178 
Montreal Protocol, 366 



MOP (maximum operating pressure), 191, 192 
motors, 168 

bearings, servicing, 287 

bimetal disc, 276 
burnouts, 618-619 
capacitors, 267-271 
alternating current, 267 
run capacitor, 268 
servicing, 284 
start capacitors, 268 
testing, 283-284 
capacitor-start, induction-rum 260-261 

testing, 429, 430 
characteristics, 273 
chilled water systems, 951 
combustion blower, 792 
compressors, hermetic systems, 
acidic oil, 460 
burnout, 459-460 
cleanup, 460 
flushing system, 460 
installation, 460-461 
locating faults, 453 
safety, 460 
connections, 264-265 
contactors, 

magnetic, 517-518 
control, 145-146 
compression system, 145-146 
pressure settings (chart), 515 
pressure-operated (low-^side pressure), 146 
temperature-operated (thermostatic), 146 
controls, 145, 146, 513-518 
contactors, 517, 518 
ice maker, 519 
pressure, 513-514 
safety, 514-517 
thermostatic, 513, 514 
direct current and universal, 272-273 
dynamometer, 290 
efficiency, 666 
electric, 
condenser and evaporator fan, 258 
external-drive, 
capacitor-run, 258 
capacitor-start, capacitor-run, 258 
induction polyphase, 258 
permanent split capacitor (PSC), 258 
repulsion-start, induction-run, 258 
hermetic, 

capacitor-run, 258 
capacitor-start, capacitor-run, 258 
induction polyphase, 258 
induction two-phase, 258 
permanent split capacitor (PSC), 258 
removing, 620 
shaded-pole, 258 
split-phase, 258 
electronic variable speed, 280-282 
elementary electric, 231-232 
external-drive, 258-259 
capacitor-run, 258 

capacitor-start, capacitor-run (CSCR), 258 
capacitor-start, induction-run (CSIR), 258 
cleaning, 287 
compressors, 168 
induction polyphase, 258 
installing, 620 

permanent split capacitor (PSC), 258 
removing, 620 

repulsion-start, induction-run, 258 
servicing, 619 
fan, 258, 278-279 

servicing, 285-286 
field winding, 264 
forced-draft blower, 792 
grounding, 273 
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motors. Continued 

head-pressure safety cut-out, 317 
heat pump systems, 921 
hermetic, 266-267 
capacitor-start, capacitor-run (CSCR), 268 
capacitor-start, induction-ran (CSIR), 268 
compressors, 168 
capacitor-run, 258 
induction, polyphase, 258 
induction, two-phase, 258 
installing compressors, 621 
motor terminals, 271-272 
polyphase, 270-271 
removing compressors, 621 
servicing, 290-292, 620 
split-phase (SP) induction, 266-267 
system, 265-272 
horsepower, 273 
motor characteristics, 273 
single-phase motor properties (chart), 273 
torque, 273 
identification plate information, 278 
Hertz (cycles per second), 278 
locked current draw, 278 
required voltage (emf) supply, 278 
running current (amperes), 278 
seasonal energy efficiency ratio (SEER), 

278 
standard data, 278 
temperature rise, 278 
indoor blower, 792-793 
induced -draft blower, 792 
induction, 259 

internal overload and overheating protec- 
tion, 275-277 
leads, 264 
location, 477 

low-pressure safety cut-out, 317 
low-side pressure limiter, 318 
lubrication, 286-287 
oilless bushing, 287 
servicing bearings, 287 
slip ring lubricating method, 286 
slip ring system, 286 
wick system, 286 
zerk fitting, 286 
oil, adding, 619 
oil-pressure safety cut-out, 317 
permanent split capacitor (PSC), 258, 

268-269 
protection, 274-277 
bimetal switches, 275 
electronic thermistor, 277 
fuses and circuit breakers, 274-275 
internal overload and overheating, 

275-277 
negative temperature coefficient (NTC), 

277 
overheating, 274 
overload, 274, 318, 319 
repulsion-start, induction-run, 260 
safety controls, 317-319 
shaded-pole, 258, 279-280 
sizes, 666 
calculations, 666, 1124, 1125 
efficiency, 666 
heat input method, 666 
mean effective pressure (MEP) method, 
666 
speeds, 261-262 
frequency, 261, 262 
hermetic compressors, 261, 262 
synchronous speed, 261 
split-phase induction, 259 
standard data, 278 

starting and running windings, 262-263 
starting current, 263 



starting relays, 319-324 
counter electromotive force (cemf), 319 
current (magnetic), 319-320 
potential (magnetic), 319, 320-321 
replacing, 319 

solid-state electronic, 319, 323-324 
starting winding, 319 
thermal relay, 319, 321-323 
structure, 257-258 
temperature, 277-278 
testing stand, 290 

troubles, watt reading to determine, 283 
types of electric, 258-261 
Underwriters Laboratories, 264 
V-belts, 168 
voltage, 264 
MSS (minimum stable signal) setting, 187 
mufflers, 169 
commercial, 540 
noise-reducing devices, 169 
mullkm heater, testing, 430 
multimeter, 215, 419-420 
Multiple Chemical Sensitivity (MCS), 747 
multiple evaporator, 
check valves, 172 
commercial installations, 579 
piping, 579, 580 
sight glass, 110 
system, 110 
multiple return systems, air ducts, 878 
multiple-blade air dampers, 887 
multiple-groove pulleys, 288 
multiple-pass recycling machine, 372-373 
multipurpose fuse, 274 
multistage refrigeration systems, 719-720 
cascade, 719 
compound, 719-720 
multistage thermostats, 998-999 
multizone ductless split systems, 855, 865, 

866 
mutual inductance, 234 

N 

National Board of Fire Underwriters 

(NFBU), 338 
National Coarse (NO series, 77 

pipe fittings and sizes, 77 
National electrical code (NEC), 275 
National Fine (NF> series, 69, 76, 77 

pipe fittings and sizes, 76, 77 
National Fire Protection Association (NFPA), 

338 
National Institution for Occupational 
Safety and Health (NIOSH), 

air quality, criteria and exposure limits, 
744 
National Pipe Threads (NP), 69, 76 

pipe fittings and sizes, 76 
National Refrigeration Code, 

refrigerant lines, 540 
National Refrigeration Safety Code (NRSC), 

338 
natural convection, 

closed water system, 974 

evaporators, U -value, 655 

firmed static condenser, 138, 139 

solar space heating, 974 
natural fuel gases, 

air requirements, 791 

origin, 791 

properties, 791 
natural gas, 118 

heat sources (absorption systems), 686 
NBFU (National Board of Fire 

Underwriters), 338 
NC (National Coarse) series, 77 
NEC (National electrical code), 275 



needle valve, 

automatic expansion valve (AEV), 142, 

178, 181 
oil separator, 137 
needles, 

bellows automatic expansion valve, 178, 183 
Stellite, 178 

thermostatic expansion valve, 183, 184 
negative electrostatic charges, 209 
negative temperature coefficient (NTC), 277 
motor protection, electronic thermistor, 277 
neon (as a refrigerant), 354 
net capacity, 550 
neutral flame, brazing, 73 
Newton, 37, 41, 42 

laws of motion, air movement, 888 
NF (National Fine) series, 69, 76, 77 
NFPA (National Fire Protection 

Association), 338 
NIOSH (National Institution for 

Occupational Safety and Health), 744 
nitrogen (N 2 ), 

air composition, 728 
as a refrigerant. See R-728 
blowing out oil lines with, 833 
liquid, 118, 713, 714 
oxide, outdoor air contaminants, 745 
repairing refrigerant leaks, 448 
noise, 754-758 
A filter, 756 
A scale, 756, 757 
absorbers, 755 
air ducts, 892 

amplification or reflection, 754-755, 892 
amplifiers, 755, 892 
carriers, 754-755, 892 
comfort conditions, 754-758 
composition, 757 

decibel (dB) rating of common sounds, 758 
dosimeter, 757 
factors, 892 

hearing protection, 758 
laws regulating noise or sound levels, 756 
measurement, 755-758 
octave, 757 
reduction, 169, 755 

air duct construction, 884 
reflectors, 155, 892 
regulation codes, 755 
sone, 757 

obtaining sones value, 757 
sound, 756 
cycles per second (cps), 756 
frequencies, 756 
Hertz (Hz), 756 
level meter, 757 
loudness, 756 

measuring instruments, 756, 757 
noise dosimeter, 757 
pressure, 756 
pressure level (SPL), 756 
pressure measurement, 756 
sources, 754—755, 757 
strength, 756 
tolerance limits, 757 
unit of measurement, 756 
using the dB and dBA scales, 756 
Walsh-Healy Act, 756 
source, 627-628, 754, 757, 892 
noise-reducing devices, mufflers, 169 
noisy unit, 627, 628 
nominal-size copper tubing, 62 
none ode installations, 
commercial, 571, 572 
nonfreezing solution system, 

evaporator defrosting, 506, 508-509 
nonfrosting evaporators, 496, 497 
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nonincandescent temperature units, 836 

electric resistance healing, 836 
noninductive load, 218 
North American Technician Excellence 
(NATE), 

Air Conditioning Excellence (ACE) HVAC 
Exam, 1110 
NF (National Pipe Threads), 69, 76 
NRSC (National Refrigeration Safety 

Code), 338 
NTC (negative temperature coefficient), 277 
N-type semiconductors, 118, 979 

solar cell construction, 979 

thermoelectric refrigeration, 118 
nuclear, ionizing air method, 906 

o 

occupancy, heat loads (chart), 640 

occupants, 1026 

Occupational Safety and Health 

Administration (OSHA), 544, 629, 630 

air quality, Permissible Exposure Limits 

(PEL), 744 
Sick Building Syndrome (SBS) definition, 
746 
octave, 757 

odor removal, air cleaning, 910 
off cycle operation, 189 

thermal-electric controlled expansion valve, 
189 
offset, 300 
ohmmeter, 219 

servicing and external testing of hermetic 
motors, 291 
Ohm's Law, 219, 220 
ohms, 219 
oil, 

acidic, safety, 460 
adding, 451-452 
compound pumps, 468 
compressor cooling, 170 
effects of moisture, 467 
hermetic systems, adding, 451-452 
connecting transparent charging cylinder, 

452 
lack of, 451 
overcharge, 451 

single-service-line technique, 452, 453 
system with low- side leak, 452 
using a pump, 452 
viscosities, 451 
high-vacuum pumps, 467-468 
lubrication, 170 

refrigerant, 97-98, 361, 362, 1133 
automotive, 1070-1071 
oil and gas heating, 

supplementary heat to solar energy, 977 
oil binding, 145, 199 

low-side float (LSF), 145, 199 
oil burner installation, 831-833 
oil furnaces, 
blowbacks, 832 

blowing out oil line with nitrogen, 833 
checking electrode wires, 833 
draft in firepot, 832 
flame appearance, 832 
flame failure, 832 

soot deposits in combustion chamber, 833 
starting after installation, 831-833 
testing combustion efficiency, 902-903 
oil burner servicing, 833-834 
oil control systems, commercial, 529-532 

compressors, 529-532 
oil furnaces, 821, 822 
air in oil line, 832 
blowback, 822, 832 
blowing out oil line with nitrogen, 833 



checking electrode wires, 833 
combination oil and gas, 822 
combustion chamber, 822 
controls, 1010, 1011 
flame monitoring, 1010-1011 
primary, 1010 
solid-state, 1011 
temperature sensing unit, 1010 
draft in firepot, 832 
flame appearance, 832 
flame failure, 832 
fuel oils, 820-821 
gun-type burner, 821, 822-825 
oil burner installation, 831-833 
oil tank installation, 829-831 
primary control, 829 
pulsation in, 822 
servicing fuel oil burner, 833-834 

troubleshooting outline, 833-834 
soot deposits in combustion chamber, 833 
starting, 831-833 
oil injection, screw compressors, 164 
oil level regulator, 
compressors, 529 
oil lines, 831 

oil pressure safety cutout, 317, 514-517 
float switch, 517 
principles of operation, 516-517 
oil pumps, 

gear-type, gun- type burner, 825, 826 
nozzles, 826 
single-stage, 826, 828 
two-stage, 826, 828 
lubrication, 
force feed system, 170 
pressure system, 170 
rotary-type, gun-type burner, 825 
single-stage, 825, 826 
two-stage, 825, 827 
scavenger, 171 
oil reservoir, 529 

commercial compressors, 529, 532 
sight glasses, 529, 530 
oil return, 

refrigerant suction lines, 677 
oil ring, 150 
oil separators, 
baffles, 137 

commercial compressors, 530-532 
compression cycle, 136-137 
compressor, 136 
oil slugging, 173 
crankcase heater, 173 
refrigerant suction lines, 677 
oil tank installation, 
oil furnaces, 829-331 
fittings, 830 
location, 829-830 
oil lines, 831 

storage tank elevation, 829 
tubing, 831 
oil-fired forced-air heating systems, 765-766 
atomized fuel, 765 
firepot, 765 

refractory material, 765 
room thermostat control, 765 
oil-fired hydronic heating systems, 766-767 
expansion tank, 767 
gun-type burner, 766 
high limit control, 767 
room thermostat control, 767 
oilless bushing, 287 

motor lubrication, 287 
oleum, 97 

one-way service valves, 98 
open circuit, 211 
open display cases, 553, 554-556 



open (external drive) tefrigerating system, 

106-107 
open systems (geothermal heat pumps), 916 
open-cycle refrigeration, 117, 713 

See also expendable refrigerant refrigerating 
system 
open-ribbon heating elements, 

electric resistance heating, 837 
open-wire heating elements, 

electric resistance heating, 837 
operating conditions (automotive), 1059-1071 

accumulator and receiver, 1066 

compressor seal, 1065 

compressors, 1061-1064 

condensers, 1065-1066 

drive belts, 1065 

evaporator and heater core, 1066-1067 

magnetic clutch, 1 060 

metering devices, 1068-1069 

oil, 1070-1071 

refrigerant, 1069-1070 

refrigerant lines, 1068 

service valves, 1071 
operating controls, 297, 1000, 1004 
operating device, 298 
operating differential, 299 
operation, 

continuous, 283 

intermittent, 283 
optimized start/stop, 1027 
orbiting scroll, 162 

scroll compressor, 162 
organic vapors, 

outdoor air contaminants, 745-746 
orifice, 361, 680 
O-rings, 172, 173 

fluid-resistant elastomer compounds, 172 
OSHA, See Occupational Safety and Health 

Administration 
outdoor, 

air contaminants, 744-746 

air-cooled condensers, 480-486, 490 

climate, 740 

coil (heat pump), 924 

complete air conditioning systems, 962 
out-of-phase, 243 
outside length, belts, 288-289 
overhaul, hermetic systems, 470 

equipment, 470 
overhead plenum design, air ducts, 881 
overheating, indications of, hermetic 

systems, 428 
overload protection, 275-277, 318-319 

bimetal control, 275, 318 

motor safet>' controls, 274, 318-319 

PTC thermistors, 319 

refrigeration and air conditioning units, 318 

starting relays, 318 

voltage-controlled relays, 318, 319 
overshoot, 993 
oxy acetylene, brazing, 73 

cleaning the brazed joint, 75 

safety, 73, 74 
oxygen (OJ, 

air composition, 728 

as a refrigerant. See R-732 

as basic element of combustion, 
primary air, 789, 790 
secondary air, 790 

content, air ventilation requirements, 875 
ozone, 335, 365, 746 

air cleaning with ultraviolet light, 911 

Clean Air Act, 366-367 

composition, 746 

concentration, 746 

depletion potential (ODP), 365, 366 

effects of, 335 
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ozone, Continued 

chlorofluorocarbons, 365-366 
hydrochlorofiuorocarbons, 366-367 
global warming, 365-366 
instruments for measuring, 746 
monitors, 746 
Montreal Protocol, 366 
ozonized ice and water, 724 



packaged commercial system, 

air-cooled condenser, 487-490 

complete, 475-496 

compressor, 486, 487 

condenser location, 477 

cooling towers, 492—495 

evaporative condensers, 495 

hermetic units, 478-480 

liquid receiver, 495, 496 

outdoor air-cooled condensers, 480-486, 490 

single-unit mechanism, 475 

water-cooled condenser, 490-492 
packaged control system, 1028 
packaged terminal air conditioners, 864-865 

combination hearing and cooling, 864 

controls, 865 

fuel, 865 

gas-fired heat exchanger, 865 

hermetic rotary compressor, 865 

installation, 864-865 

pilotless ignition system, 865 

refrigerants, 865 

sealed combustion furnace, 865 
painting, air ducts, 892 

parallel assembly motor compressors, 480, 481 
parallel circuit, 221, 295 
particulates, 745 

outdoor air contaminants, 745 
Pascal, 37, 42 

Pascal's Law, 37-39 
passive solar, 

energy systems, 971 

heating system, 842 
patented cleaning fluids, 97 
PEL (Permissible Exposure Limits), 744 
Peltier effect, 118 

thermoelectric refrigeration, 118, 239 
pentafluoroe thane. See R-125 
perfect gas equation, 53 
perimeter drier, 386 
perimeter loop system, air ducts, 881 
periodic inspections, 625 

commercial refrigeration systems, 625 
permanent magnet mechanism, 301 
permanent magnetism, 225-226 
permanent split capacitor (PSC) motor, 
268-269 

air conditioning systems, 268 

hard -start capacitor, 864 

window units, 863 
permeability, magnetic, 228 
permeable, 467 

tubing, 467 
Permissible Exposure Limits (PEL), air quality, 

Occupational Safety and Health 
Administration (OSHA), 744 
pH factor, 608 

phase, alternating current cycles, 218, 219 
phase loss monitors, hermetic polyphase 

motor, 271 
phosphor bronze, 

bellows, 178 

diaphragm, 178 
photoelectric cell, 1010-1012 

smoke test, combustion efficiency, 903 
photoelectric device, 

smoke dampers, 888 



photoelectricity, 240 
photovoltaic cell, 

converting solar energy to electricity, 979 

solar cell applications, 979-981 
physical properties of air, 728-729 

air temperature, 731 

dew point, 735, 736 

humidify, 729 

psych rometric, 732-735 
physical states of substances, 39-41 
piercing valves, 442-443 

locating motor compressor faults, 453 
piezoelectric crystal, 843 

humidifiers, 843-844 
pilot light, 

control, central air conditioners, 776 

ignition systems, 804 
pilotless ignition system, 

packaged terminal air conditioners, 865 
pin punch, 87 
pinch-off tool, 441, 442 
pipe fittings and sizes, 76-77 

American Standards Association, 76 

National Coarse (NC) series, 77 

National Fine (NF) series, 76, 77 

National Pipe Threads (NP), 76 
pipe sizing chart, 806 
piping, 

color codes, 1138 

for heating systems, 
black iron pipe, sizing, 805, 806 
checking gas pressure, 805-806 
city code requirements, 805 
installation, 805 
meter installation, 805 
natural gas applications, 805 
testing for leaks, 805 

gas pressure, 805-806 

hydronic heating, 816-817 
balancing water flow, 816-817 
direct return, 816 
installation, 817 
reverse return, 816 

residential air conditioner, 699-700 
pistons, 

cylinder crank arrangements, 148-149 

displacement, 170 

pins, 151 

rings, 150-151 

Scotch yoke, 151 

top dead center (TDC), 151 
pi tot tubes, 738 

air measurement instruments, 900 

measuring tools, velocity pressure, 737, 738 
plastic tubing, 63 

polyethylene, 63 
plate-astatic condenser, 137, 139 
plate humidifiers, 844 
plenum chamber, 1057 
plenum/duct electric humidifiers, 844 
plenum/warm air duct-type humidifier, 844 
pliers, 83 
pneumatic, 

systems, 1018 

unloader device, 414 
pollen, 744, 745 

count, 746 

outdoor air contaminants, 745 
pollutants, 745 

outdoor air contaminants, 745-746 
polychlorinated biphenyl dielectric (PCB) 
fluid, 284 

servicing capacitors, 284 
polyethylene tubing, 63 
polyphase, 

cycle, 245 

motor, 258, 270-271 



polystyrene, insulation values, 640 
polyuTethane, 552 

insulation values, 640 
polyvinyl chloride (PVO piping, 

chimneys, 801, 802, 803 

high-efficiency furnaces, 798 
ponded roofs, 1051 

evaporative cooling, 784 
portable absorption refrigerators, 695-696 
portable air conditioning, 715 
portable charging cylinder, 450-451 
portable thermostats, 999 
ported gas burners, design, 793, 794 
positive electrostatic charges, 209 
positive pressure, 444 

air ducts, fans, 888, 889 

air ventilation requirements, 875, 876 
positive temperature coefficient resistor 

(PTCR), 323 
potential energy, 42, 1114 
potential (magnetic) relay, 320-321 

arcing, 320 

high-torque, capacitor-start motors, 320 

potential relays, 320 

voltage relays, 320 
potentiometer, 281 

electronic variable speed motors, 281 
pound force (Ib.f), 41 
pounds per square inch (psi), 38 
pour point, 97, 98 

refrigerant oil, 97, 98 
power, 42-43, 217 

SI metric units, 42, 43 

U.S. conventional units, 42 

work, 42 
power burner, 794 

gas burners, 794 
power circuits, 245 
power factor, 217, 218 

electrical efficiency, 242-243 

power factor meter, 218 
power-saver switch, 401 
practical pressure-heat cycle, 649 
prerotation guide vanes, 

centrifugal compressor, 954—955 
pressure, 37-39 

atmospheric, gauge, and absolute, 38-39 

critical, 52 

effect on, 
evaporating temperatures, 46 
freezing temperature of water, 47 
latent heat, 647-648 

head, 171 

in the compression cycle, 132 

measurement, 38 

Newton, 37 

Pascal's Law, 37-39 

positive, 444 

SI metric system, 37-38 

sound, 756 

U.S. conventional system, 38 
pressure (beverage) evaporator, 500 
pressure conditions, air ducts, fans, 889 
pressure controls, engine-driven systems, 544 
pressure cycling switch, 1077-1078 
pressure drop, 

calculating systems, 896-899 

equalizer, 197 

liquid line, R-12, 675, 676 

multiple systems, refrigerant suction lines, 
676, 677 

refrigerant lines, commercial, 671 

refrigerant suction lines, 676 
pressure equivalents, 1116 
pressure gauges, 89-92 

Bourdon tube, 90 

care and calibration of gauges, 92 
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compound gauges, 92 

gauge manifolds, 90 

high-pressure, 91 

vacuum gauges, 91 
pressure limiters, 189, 191-192 

adjustable, 191 

Boyle's Law, 191 

Charles' Law, 191 

dual -pressure regulator, 191 

maximum operating pressure (MOP), 
191, 192 

pressure-limiting expansion valve, 189 
pressure motor controls, 317, 514 

as a safety device, 317 

bellows-operated low-pressure control, 317 

commercial, 513-514 

location, 514 

pressure differences, 514 

temperature ranges, 514 
pressure plate, cylinder head, 

external-drive compressor, 153 

hermetic compressor, 153 
pressure regulating valves, 524-528, 694, 695 

absorption systems, 694-695 

commercial, 524-528 
pressure scales, 469 
pressure systems, lubrication, 170 

oil pump, 170 
pressure testing, 466 

using carbon dioxide, 466 

using nitrogen, 466 
pressure- controlled, 

electric switches, 170 

expansion valve. See automatic expansion 
valve 
pressure-enthalpy diagrams, 341 

R-12, 341, 342 

R-22, 344, 345 

R-123, 353, 1135 

R-134a, 346, 1134 

R-500, 347 

R-502, 349 

R-503, 350 
pressure-heat, 

areas, 647 

diagram, 645-647 

constant value lines, 
refrigeration cycle, 647 

enthalpy chart, 646 

refrigerant quality, 647 

refrigeration cycle, 647 
pressure-lubricated compressors, 170 

pressure-controlled electric switches, 170 
pressure-operated, 

low-side pressure motor control, 146 

reversing valves, 923 

water valves, 535-536 
pressures tats, 985 
pressure-temperature curves, 337, 338 

standard evaporator and condenser 
temperatures, 338 

use, 357 
pressure-testing for leaks, 444-445 

pressure regulating device, 444, 445 

safety, 444, 445 

using carbon dioxide, 444, 445 

using nitrogen, 444, 445 
pressure-time cycle diagram, 202 
prick punch, 87 
primary air, 789, 875 

circulation, 875 

combustion, 789, 790 

flame troubleshooting, 810 
primary controls, 829, 1000 

applications, 1002-1004 

functions, energy management systems, 
1026 



principles of, 

atmosphere cooling, 853-855 
cooling cycle, 854-855 
evaporative cooling, 855 
continuous absorption system, 687-692 
automatic defrosting, 689 
construction, 689, 691 
cooling process, 689 
electric heating, 834 
electric resistance heating, 836-839 
baseboards, 838, 839 
building design, 837 
duct heaters, 839 
heating elements, 837, 838 
intermittent absorption system, 686, 687 
solid adsorption system, 686 
process tube and adaptors, 440-442 
applications, 440-441 
core valves, 443, 444 
hermetic systems, 440-441 
piercing valves, 442-443 
pinch-off tool, 441, 442 
product heat loads, 637, 638 
commercial, 637-638 
heat removal, 637 
latent heat removal, 637, 638 
respiration, 637, 638 
specific heat removal, 637, 638 
products of combustion, 761 
programmable thermostats, 984, 998 
propane, 

as a refrigerant. See R-290 
cylinders, use in portable refrigerators, 695 
manufactured fuel gases, 791 
prop orf ional -type, 

controlling instrument action, 298, 299-300 
with automatic reset, 299, 300 
propylene glycol antifreeze, 

closed water system, solar energy storage, 
974 
protection devices, 

See also motors, protection 
cage, condensing units, 572 
commercial compressors, 529-536 
hearing, 758 
starring current, 264 
suits, vortex tube cooling, 717, 719, 
783-784 
PSC (permanent split capacitor) motor, 

268-269, 863 
psi (pounds per square inch), 37, 38 
psia, 37 

psychrometers, 88, 732 
psychrometric, 
charts, 732-735 
applications, 734-735 
cooling cycle on, 855 
dry bulb temperature (db), 733-735 
formula, 1129 
using, 734-735 
properties of air, 732-735 
charts, 732-735 
psychrometers, 732 
psy chrome try, 732 
psychrometry, 732 

PTC or PTCR (positive temperature coeffi- 
cient resistor), 323 
F-type semiconductor, 

solar cell construction, 979 
thermoelectric refrigeration, 118, 716 
puffback, 828 

electrical ignition, gun-type burner, 828 
pulley shafts, 156 

external-drive compressors, 156 
pulleys, 106, 156, 287-288 
construction, 287-288 
external-drive compressors, 156 



multiple-groove, 288 

variable-pitch, 288 

V-belt, 288 
pulsation, oil furnaces, 822 
pump down, 511 
pumping ratio, 1117, 1118 
pumps, 

centrifugal-type circulating, 812 

condensate, 498, 499 

heat, see heat pumps 

hydronic, 812 

oil, lubrication, 170 

oil burner, fuel oil, 825-826 
gear-type, 825, 826 
rotary-type, 825, 826 

vacuum, 463, 586 

wet rotor, 812 
punches, 86-87 
purge units, 952 
purging, 99 

safety, 99 

service lines, 
commercial systems, 584 
hermetic systems, 436 
PVC (polyvinyl chloride piping) piping, 

chimneys, 801, 802, 803 

high-efficiency furnaces, 798 
pyrometer, 28 

Q 

quartz lamps, 840 
quick-connect couplings, 941-942 
quick-disconnect terminals, 303 



R-ll (trichlorofluoromethane), 336, 340 

Group A refrigerants, 339, 340 

jet cooling systems, 718 

replacement of with R-123, 340 

safety classification (ASHRAE), 339 
R-12 (dichlorodifluoromethane), 336 

application of, 340-342 

Group A refrigerants, 338-340 

immersion freezing, 722-723 

jet cooling systems, 718 

leak detection, 340 

liquid and suction line sizes, 672 

liquid velocity, 670 

pressure drop in liquid line, 675, 676 

pressure-enthalpy, 341 
enthalpy, metric, 342 
freezer cycle, 342 

pressure-heat diagram, 342 

R-134a as a replacement, 342 

safety classification (ASHRAE), 339 

solubility, 340 

suction line sizes, 677, 678 

use of, 417 
R-13 (chlorotrifluoro methane), 336 
R-13B1 (bromotrifluoromethane), 336 
R-21 (dichlorofluoromethane), 1131 
R-22 (chlorodifluoromethane), 336 

applications of, 342-343 

Group A refrigerants, 339 

immersion freezing, 722-723 

leak detection, 343 

liquid and suction line sizes, 673 

liquid velocity, 670 

pressure-enthalpy, 344, 345 

proper ties of, 342-343 

safety classification (ASHRAE), 339 

solubility, 343 
R-23 (trifluoromethane), 336, 337 
R-30 (methylene chloride), 352 
R-40 (methyl chloride), 351 

flammability, 352 

toxicity, 351 
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R-50 (methane), 352 

flammability, 352 
R-113 (trichlorotrifluoroethane), 336 
R-114 (dichlorotetrafluoroethane), 336 
R-115 (chloropentachloroethane), 366 
R-123 (dichlorotrifluoroethane), 336 

applications of, 351 

as a replacement for R-ll, 351 

compatibility with oil, 351 

pressure-heat enthalpy diagram, 353 
metric, 1135 

properties of, 351, 352 

safety classification (ASHRAE), 339 

toxicity, 351 
R-124 (chlorotetrafluoroethane), 336 

marine applications, 713 

safety classification (ASHRAE), 339 
R-125 (pentafluoroethane), 336 

safety classification (ASHRAE), 339 
R-134a (tetrafluoroethane), 336 

applications of, 343-344 

as a replacement for R-12, 343 

automotive air conditioning, 1070-1071 

compatibility with oil, 343 

Group A refrigerants, 339 

leak detection, 343 

liquid and saturated vapor, 345 

pressure-heat enthalpy, 346 
metric, 1134 

properties of, 343-344 

safety, 343 

safety classification (ASHRAE), 339 

solubility in water, 343 

truck systems, 709 
R-170 (ethane), 352 

flammability, 352 
R-290 (propane), flammability, 352 
R-401A (R-22 + R-152a + R-124), 336 

applications of, 349 

leak detection, 349 

oil mixtures, 349 

properties of, 349 

safer}' classification (ASHRAE), 339 
R-401B (R-22 + R-152a + R-124), 336 
R-401C (R-22 + R-152a + R-124), 336 
R-402A (R-22 + R-125 + R-290), 336 
R-402B (R-22 + R-125 + R-290), 336 
R-404A (R-125 + R-143a + R-134a>, 336 
R-406A (R-22 + R-142b + R-600a), 336 

flammability, 352 

properties of, 349, 351 

safety, 351 

safety classification (ASHRAE), 339 

solubility in oil, 349 
R-407A (R-32 + R-125 + R-134a), 336 
R-407B (R-32 + R-125 + R-134a), 336 
R-407C (R-32 + R-125 + R-134a), 336 
R-410A (R-32 + R-125), 336 
R-5D0 (refrigerants 152A/12), 336, 344-346 

applications of, 344, 346 

Group A refrigerants, 339 

leak detection, 346 

liquid velocity, 670 

pressure- enthalpy, .347 

properties of, 344, 346 

properties of liquid and saturated vapor, 347 

safety classification (ASHRAE), 339 

solubility of water in, 346 

solubility with oil, 346 
R-502 (refrigerants 22/115), 336 

applications of, 346, 348 

Group A refrigerants, 339 

leak detection, 348 

liquid velocity 670 

pressure-enthalpy, 349 

properties of, 346, 348 

R-125 as a replacement, 348 



R-507A as a replacement, 348 

safety classification (ASHRAE), 339 

solubility in oil, 348 
R-503 (refrigerants 23/13), 336 

applications of, 348 

leak detection, 348 

oil circulation, 348 

pressure-enthalpy, 350 

properties of, 348, 350 

safety classification (ASHRAE), 339 
R-507A (50% R-125 and 50% R-143a), 336, 
348-349 

applications of, 348 

Group A refrigerants, 339 

leak detection, 349 

properties of, 348 

safety classification (ASHRAE), 339 
R-600 (butane), 352 

flammability, 352 
R-702 (hydrogen), 354 
R-704 (helium), 352, 334 
R-717 (ammonia), 336 

applications of, 351-352 

flammability, 352 

leak detection, 352 

properties of, 351-352 

properties of liquid and saturated vapor 
(chart), 354 

safety classification (ASHRAE), 339 

safety code (International Institute of 
Ammonia Refrigeration), 352 

solubility of oil, 352 

toxicity, 352 
R-720 (neon), 354 
R-728 (liquid nitrogen), 352, 354 
R-729 (air), 354 
R-732 (oxygen), 354 
R-740 (argon), 354 
R-744 (carbon dioxide C0 2 > 

expendability 352 

Group A refrigerants, 339 

safety classification (ASHRAE), 339 
R-764 (sulfur dioxide), 351 
radial compressor (automotive), 1062-1063 
radial flow (centrifugal), 

Air Movement and Control Association 
(AMCA), 890 

fans, 889-890 
backward-inclined, 890 
forward-inclined, 890 
radiant energy, solar, 969 
radiant heat (electric), 839-840 

ceiling heating, 839-840 

lamps and glass panel heaters, 840 

panels, 836 

systems, 768, 789, 839-840 
ceiling heating, 839-840 
floor heating, 840 
gas-fired, 839 
glass panel heaters, 840 
heat sink, 768 
heating coils, 840-841 
insulation, 768 
radiant heat (hydronic), 811-820 
radiation, 50 

heat exchange, 743 

solar, 969 
infrared, 969 
ultraviolet, 969 
radiators, 817 

steam heating systems, 819 
radiators of heat, 44 
radio and TV interference, 

electric motors, 283 
radiometer, 29 
radon, 747 

detection, 747, 748 



railcar refrigeration, 713 
RAM air, 1058 
range, 298 
range adjustment, 

control systems, 304-305 
temperature, 304, 305 

mechanisms, 305 
Rankine (Fahrenheit absolute) scale, 29 
rapid pressure balancing (RPB), 184 

thermostatic expansion valve (TEV) design, 
184 
ratings, gas furnace efficiency, 796 
ratio, compression, 172 
reach-in cabinet (grocery), 548, 550 

construction, 550 

net capacity, 550 

temperature range, 550 
reactance, 230 

receivers (automotive), 1066 
receivers (commercial), 

water-cooled, repairing, 605 
reciprocating compressors, 148-158, 
952-953, 1061-1062 

chilled water systems, 952-953 

compression rings, 150 

connecting rods, 148, 151-152 

crankcase, 148 

crankshaft, 148, 149, 156 
seal, 154-156 

cylinder head, 152-153 

cylinders, 149-150 

drive (external-drive), 156, 157 

housing-crankcase, 158 

intake and exhaust ports, 158 

lubrication, 170 
eccentric, 170 

oil ring, 150 

piston-cylinder, 148-158 
crank arrangements, 148-149 

pistons and piston rings, 150-151 

Scotch yoke, 157 

swash plate, 157, 158 

valves and valve plates, 153-154 
recirculated air, 1060 
re circulating-air ducts, 877 
reclaiming, 367, 374-377 

procedure, 375 
recording thermometers, 

air quality systems, 751 
recovery, 367 

equipment, 367-372 
maintenance, 371-372 

of refrigerant, 367 

procedures, 
Type I Certification, 1107, 1108 
Type D Certification, 1108 
Type m Certification, 1108 
recycle, 367 

recycling refrigerants, 628 
recreational vehicles, 

absorption systems, 689 
rectangular ducts, 

determining perimeter of, 878 
rectifiers, 224, 236 
recycling, 367 

equipment, 372-374 
RED system, 430-431 
reducing trunk supply systems, 878 
reflectors, noise factors, 892 
refractory, 765 

cement liner, 822 

material, 765 
refrigerant blends (azeotropic— zeotropic), 

337, 344, 349 
refrigerant charge, 361, 448, 450-451 

commercial condensing units, 
checking, 596-598 
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liquid level indicators, 597 

liquid receiver, 596 

quantity of liquid in receiver, 598 

sight glass, 596-598 

temperature survey, 597-598 
refrigerant control capacity, 680-681 
capillary, 680, 681 

determining capillary tube capacity, 681 
low pressure, 681 
orifice sizes, 681 
TEV, 680, 681 
refrigerant controls, 26, 177-205, 513 

automatic expansion valve (AEV), 108, 78-180 
capillary tube, 109-110 

compression system, 200-202 
check valve, 202-203 
commercial, 513 
compression system, 177-202 

automatic expansion valve (AEV), 108, 
178-180 

capillary tube, 109-110, 200-202 

high-side float, 107, 200 

low-side float 105, 199-200 

thermal-electric expansion valve, 189 

thermostatic expansion valve (TEV), 
108-109, 180-199 
flow control, 140-145 
heat pump systems, 922, 923 
high-side float, 107 

compression system, 200 
low-side float, 105 

compression system, 199-200 
pressure change, 177 
review of safety, 203 
suction pressure valves, 203 
temperature change, 177 
thermal-electric expansion valve, 189 
thermostatic expansion valve (TEV), 

108-109, 180-199 
types, 177 

volume or quantity change, 177 
refrigerant cylinders, 355-356 
color code, 335, 336 
Department of Transportation (DOT) 

regulations, 355, 375 
disposable, 355, 356 
returnable service, 355, 356, 375 
service cylinders, 355-356 
storage cylinders, 355 
types, 355 
refrigerant dyes, 445, 446 

refrigerant leak detection, 446 
refrigerant flow control, 

automatic expansion valve (AEV), 140, 142 
capillary (CAP.) tube, 140-142 
high-side float (HSF), 140, 144 
low-side float (LSF), 140, 143-145 
thermostatic expansion valve (TEV), 140, 
142-143 
refrigerant jets, 718 
refrigerant leaks, 411 — 14 7 

application of positive pressure, 444 
bubble solutions, 445, 446 
electronic detectors, 445, 446-447 

dielectric, 446, 447 

electrochemical, 446-447 

safety, 447 

ultrasonic, 446 
fluorescent dyes, 445, 446 
halide torch, 445, 446 
hermetic systems, 444-447 
leak detecting devices, 445-447 
locating, 444-447 

pressure- testing for leaks, 444-445 
refrigerant dyes, 445, 446 
repairing, 448 
ultraviolet, 446, 1080 



refrigerant lines, 539-543, 1068 

capacities, 671-678 

liquid, 671-676 

suction, 676-678 
commercial, 539-543 
filter-driers, 

liquid line, 542-543 

suction line, 543 
liquid velocities, 670, 671 
mufflers, 540 

multiple installations, 671, 675 
National Refrigeration Code, 540 
piping, 670-683 

control capacity, 680-681 

discharge line, 680 

liquid line capacities, 671-676 

suction line capacities, 676-678 

suction line problems, 678-680 
pressure drops, 671 

R-12 liquid line, 675 
resistance, 671 
servicing, 623 
sight glasses, 540-542 

electronic, 541 

moisture indicators, 541-542 
static head, 675 
valves, 581 

vibration absorbers, 540 
refrigerant management system, 373 
refrigerant oil, 97-98, 1133 
additives, 361 
appropriate lubricants, 362 
determining fluidity, 361 
pour point, 97, 361 
properties, 361 
safety, 361 

Say bolt Seconds Universal (SSU), 679 
technical characteristics, 1133 
viscosity, 97, 679 

measurement 679 
refrigerant piping, installing, 
access valves, 581 
code specifications, 575 
fittings, 575-578 

brazing equipment, 577-578 

welding equipment, 575-577 

welding safety, 576 
line valves, 581 

multiple evaporator piping, 579 
service valves, 580-581 
three-way valves, 581 
tubing, 578-579 
two-way valves, 581 
refrigerant reclaiming procedure, 374-377 
disposal of refrigerant, 376 
DOT-approved cylinders and tags, 

375, 376 
operation of system, 375 
reprocessing of refrigerant, 375 
refrigerant recovery equipment, 367, 
369-372 
liquid transfer method, 370 
maintenance, 371-372 
reclaim, 367 
recover)', 367 
recover)' /recycle, 367 
refrigerant removal, 370 
vapor recovery method, 370 
refrigerant recycling equipment, 372-374 
guidelines for using, 373 
refrigerant management system, 373-374 
refrigerant transfer units, 372 
refrigerant suction line, 
allowable velocities, 767 
capacities, 676-678 
oil return, 677 
oil slugging, 677 



orientations, 677 

pressure drops in multiple systems, 

676, 677 
problems, 678-680 
sizes, calculating, 678 
u-traps, 578, 679, 680 
velocities, 676 
refrigerant tools, 418 
refrigerant transfer units, 372 
refrigerant tubing, 
galvanic action, 578 
installing, 578-579 
refrigerants, 50, 335-364; See also R-numbers 
air (R-729), 354 
ASHRAE, 335 
ammonia. See R-717 
amount required in a system., 358, 361 
applications, 358, 360 

selection of refrigerant, 358 
areas of classification, 335 
argon (R-740), 354 
ASHRAE classifications, 

flammability, 338, 339 

toxicity, 338, 339 
automotive, 1069-1070 
azeotropic, 345-349 
behavior, 645-647 
blends, 

azeotropic, 337, 344 

zeotropic, 337, 349 
bromotrifluoromethane (R-13B1), 336 
butane (R-600), 352 
carbon dioxide CO, (R-744), 339, 352 
CFCs, 336 

release, 335 
changing / identifying, 358 
characteristics of little-used, 1131, 1132 
chlorodifluoromethane. See R-22 
chlorotetrafluoroethane. See R-124 
cnlorotrifluoromethane (R-13), 336 
color codes, 

applications, 336 

cylinders, 335 
combustible, 352 
commercial, removing, 593-594 
commonly used (chart), 336 
conditions indicating lack of in hermetic 

systems, 448 
cryogenic fluids, 354-355 
cylinders, 355-356 
desiccants, 343 

dichlorodifluoromethane. See R-12 
dichlorotetiafluoroe thane (R-114), 336 
dichlorotrifluoroethane. See R-123 
dryness of, 1133 
enthalpy, 341 
ethane (R-170), 352 
expendable, 117-118, 352-354, 713 

liquid carbon dioxide, 713 

liquid nitrogen, 713 
food freezants, 354 
Group A, 338-351 

replacement of chlorofluorocarbons, 
339, 340 
Group B, 351-352 
grouping and classification, 338 

ASHRAE, 338 

classifying organizations, 338 

flammability, 338, 352 

toxicity, 338, 351 
HCFC, 336-337 
head pressures (high side), 357 

ambient temperature, 357 

causes of above-normal, 357 

Group A, 338 

Group B, 351 

temperatures, 357 
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refrigerants, Continued 
helium (R-704), 352, 354 
HFC, 337 

hydrogen (R-702), 354 
identifying by number and color code, 

335-337 
liquid helium (R-704), 352, 354 
liquid nitrogen (R-728), 352, 354 
methane (R-50), 352 
methyl chloride, (R-40), 351, 352 
methylene chloride (R-30), 352 
moisture (water), 361-362, 1133 

dry color, 361 

moisture indicator, 361 

wet color, 361 
neon (R-720), 354 
nitrogen (R-728), 352, 354 
oxygen (R-732), 354 
ozone layer, 335-337 

CFC refrigerants, 336 

HCFC refrigerants, 336-337 

HFC refrigerants, 337 
packaged terminal air conditioners, 865 
pentafluoroethane (R-125), 336, 339 
physical properties (chart), 368 
pressure-temperature curves. 

Group A, 338 

Group B, 351 

use of, 337-338 
pressure-temperature tables, 357 

R-12, 340 

R-22, 343 

R-134a, 345 

R-500, 347 

R-502, 348 

R-503, 350 

R-717, 354 

saturated conditions, 357 

use of, 357 
propane (R-290), 352 
properties of little used, 1131-1132 
quality, pressure-heat chart, 647 
recovery /recycling/ reclaiming, 367-377, 628 

equipment, 367-374 

hydro chlorofluorocarbons (HCFCs), 
365, 366 

mobile air conditioning, 378-379 

reclaiming procedure, 374-377 

retrofit, 377-378 

review of safety, 379 
refrigerant oil, 361 
refrigerator temperatures, 357-358 
requirements and properties, 337 
retrofitting, 337, 358, 377-378 
review of safety, 362-363 
safety classifications, 339 
saturated vapor, 648 
shortage, hermetic systems, 434 
specific volumes, 662 
state of equilibrium (pressure-temperature), 

337 
sulfur dioxide, (R-764), 351 
synthetic, 342 

tetrafluoroethane. See R-134a 
rrichlorofluoromethane. See R-ll 
trichlorotrifluoroethane (R-113), 336 
trifluoromethane (R-23), 336, 337 
water, 

applications, 354 

as a refrigerant, 354, 718, 949 

commercial absorption systems, 702 
jet cooling systems, 718 

properties, 354 
zeotropic, 349-351 
refrigerant-to-water heat recovery system, 566 
refrigerated containers, 715 

properties, eutectic solutions, 715 



refrigerating effect of ice, 47-48 
ice and salt mixtures, 48 
SI metric units, 48 

storage of fresh foods in refrigerator, 382 
ton of refrigeration effect, 49 
refrigerating oil, 170 

additives, 170 
refrigeration, 

ammonia, 124, 125 
chemical, 117-118, 713 
cold plate system, 713 
liquid refrigerant storage, 713 
temperature control, 713 
temperature range, 713 
commercial, 547-570 
compression systems and compressors, 

review of safety, 173 
cryogenics, 723-724 
construction materials, 723 
expansion process with heat exchangers, 

723 
freeze drying, 723 
Joule-Thompson process, 723 
liquid nitrogen, 723 
liquid oxygen, 723 
lubricants, 724 
methods, 723 

multiple cascade system, 723 
safety precautions, 723 
temperatures, 723 
development of, 25-26 
dry ice, 118-120 
evaporative, 
desert bag, 104 
snow making, 104-105 
expendable refrigerant systems, 117-118, 
713-715 
cooling mechanisms, 713 
cold plate system, 713 
liquid carbon dioxide, 713 
liquid nitrogen, 713 
properties, 713 
refrigerants, 713 
spray cooling, 713, 714-715 
fundamentals of, 25-59 
heat pipe, 721-722 
Khanh Dinh, 722 
wick, 721-722 
history and fundamentals of, 25-28 
cold, 28 

color coding system in this text, 26 
development of, 25-26 
heat, 27-28 
heat flow, 28 

operation of mechanical refrigerator, 26 
ice, 103-104 

immersion freezing, 722-723 
industrial, 547 
jet cooling systems, 718, 719 
laws of, 131 
lithium bromide, 125 
lithium chloride, 125 
marine, 713 
HFC- 124, 712 
refrigerant restrictions, 712 
saltwater-cooled units, 712 
modular commercial, 562 
multistage systems, 718-720 
cascade, 719, 720 
compound, 718 
open-cycle, 117-118, 713 
preserving food, 381, 382 
railcars, 712 
chemical, 712 
dry ice, 712 
ice, 712 
mechanical, 712 



methods, 712 
refrigerated containers, 
eutectic solutions, 715 
properties, 715 
snow making, 721 
solid absorbent, 124-125 
Michael Faraday, 124, 125 
silver chloride, 124 
special systems and applications, 

709-726 
spray cooling system, 714-715 
advantages, 714 
electrical heaters, 714 
liquid carbon dioxide, 714 
liquid nitrogen, 714 
pressure testing piping, 715 
properties, 714 
safety, 714 
spray header system, 714 
steam jet cooling, 781-782, 783 
Sterling cycle, 724-725 
John Herschel, 724 
properties, 724 
regenerator, 724 
Robert Sterling, 724 
storage of fresh foods, 382 
thermoelectric, 118, 715-716 
cooling units, 716 
COP, 716 

electrical circuit, 716 
modules, 716 

N-type semiconductors, 118, 716 
Peltier effect, 118 
properties, 715-716 
P-type semiconductors, 118, 716 
reversing switch, 716 
semiconductors, 118 
transportation, 
conventional, 709 
dry ice, 709 
expendable, 709 
ice, 709 
truck systems, 
applications, 709-712 
components, 709 
diesel-powered gas engine, 
cooling system, 710 
heat/defrost cycle, 711 
dry ice, 710, 712 

engine-driven compressor drive, 710 
eutectic plates, 711-712 
expendable refrigerant, 710 
ice, 710, 712 

liquid carbon dioxide, 712 
liquid nitrogen, 712 
mechanical, 710 
R-134a, 709 

remote control module, 711 
separate engine compressor drive, 710 
trailer body construction, 709 
vortex tube, 717, 782-784 
properties, 717 
schematic drawing, 717 
refrigeration and air conditioning field, 19, 22 

employment opportunities, 23 
refrigeration and freezing, 
preserving foods, 381—382 
storage of frozen food in freezer, 382 
refrigeration components, commercial, 

differences from domestic systems, 473 
refrigeration cycle, 

absorption, 120-124, 686-688, 697, 698, 703 
modulating, 114-115 
practical pressure-heat cycle, 649 
thermodynamics, 645-649 
ambient temperature, air or water, 645 
effect of pressure on latent heat, 647-648 
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effective latent heat, 645 

flash gas, 647 

latent heat of vaporization, 645 

pressure-heat chart, 647 

pressure-heat diagram, 645-647 

saturated vapor, 648 

specific heat, 649 

adiabatic compression, 649 
confined to a constant volume, 649 
under constant pressure, 649 

superheat, 645 

superheated vapor, 648 
Refrigeration Electrical Manufacturer's 
Association, 

dehydrator ratings, 457 
refrigeration fittings (flared type) chart, 70 
refrigeration oil, 361 
refrigeration service contracting, 628 

service estimates, 628 
Refrigeration Service Engineers Society 

<RSES), 1111 
refrigeration supplies, 96-98 
abrasives, 96 
brushes, 96 

cleaning solvents, 97, 1138-1139 
epoxy resin, 98 
refrigerant oil, 97-98 
refrigerants, 97 
refrigeration systems, 
basic, 103-130 
cascade, 113-114, 719-720 
commercial, assembling, 624^-625 
compound, 111-113, 719, 720 
compression, 

using AEV, 108 

using capillary tube, 109 

using high-side float, 107 

using low-side float, 105-106 

using TEV, 108 
continuous-cycle absorption, 122-124 
electric defrost, 128 
expendable refrigerant, 117-118 

liquid nitrogen, 118 

natural gas, 118 
external-drive (open) 106-107 

vapor, 107 
hot-gas defrost, 125-128 
intermittent absorption, 120-122 
mechanical, 56-57 
multiple evaporator, 110-111 
open, 106-107 
sight glass, 110 
sophisticated commercial, 125 

filter-drier, 125 

high-side service valve (HSV), 125 

hot-gas bypass solenoid, 125 

liquid receiver service valve (LRSV), 125 

suction line accumulator, 125 

suction service valve (SSV), 125 

thermostatic expansion valve (TEV), 125 
special applications, review of safer)', 725 
thermostatic expansion valve (TEV), 142 
tools and materials, 61-102 
refrigeration tools, 61-102 

See also hand tools 
refrigerator, 

absorption systems, servicing, 

cleaning the flue, 704 

detecting ammonia leak, 706 

gas-fired, flues, 706 

kerosene-fired, flues, 704 

overheated system, 704, 706 

possible causes of lack of refrigeration, 704 

unused unit, 704 
care, 409-410 
domestic, 381 

adjustable feet for leveling, 411 



cabinet, 381, 383 
breaker strips, 411, 412 
butter conditioner, 410-411 
gaskets, 412-413 
hardware, 411^412 
insulation, 382 
latching mechanisms, 411 
repairing finishes, 413 

electrical, 384 

electrical circuit, 381 

mechanical components, 381, 383-384 

primary parts, 381 

rollers, 411 

thermometers, 413 
elementary, 54-56 
mechanical operation, 26 

compressor, 26 

condenser, 26 

evaporator, 26 

refrigerant control, 26 
portable absorption systems, 695-696 

mobile homes, 696 

pull-down time, 695 

safety, 696 

self-contained, 695 

using propane cylinder, 695 
single-door, manual defrost, 382 

cabinets, 383 

cycle diagram, 383 

cycle operation, 383 

defrosting methods, 383-384 

electrical, 384, 385 

mechanical components, 383-384 
temperatures, 357-358 

effect of altitude on, 310 

standard cabinet temperatures, 
357, 358 

temperature-pressure chart, 359 
thermoelectric, 715-717 
refrigera tor-freezer, 

automatic defrost, 387-394 

air circulation system, 388 

cabinet, 388 

cabinet construction, 388 

capillary rube, 389 

condenser, 389 

cycle diagram, 389 

electric heater, 387-390, 391 

electrical circuits, 390, 391 

evaporator, 389 

evaporator operation, 387, 388 

features, 389 

frost-free cycle, 387 

heaters, 389-390 

mechanical components, 388-390 

motor compressor, 389 

operation, 387-388 
automatic defrost, hot gas. See refrigerator- 
freezer, hot gas automatic defrost 
domestic, 384-401 
frost-free, 394-395, 396 

cabinet, 394-395 

electrical circuits, 395 

ladder diagram, 396 

mechanical components, 395 

operation, 395-401 
hermetic svstems, troubleshooting, 
421-427 

capacitor-start, capacitor-run motors, 
429, 430 

capacitor-start, induction-run motors, 
429, 430 

chart, 422-423 

cleaning the external mechanism, 433 

cycling time, 426^127 

diagnosing external troubles, 428-433 

door seal, testing, 424 



electrical problems, 428-433 
external servicing operations, 427-428 
high-pressure gauge, using a, 424, 425 
ice on the evaporator, cause, 424 
inspection mirror, using an, 426 
infernal service operations, 433-434 
locating and eliminating noises, 426 
moisture and ice in the cabinet insulation, 

424 
mullion heater, testing the, 430 
noises, determining origination of, 426 
overheating, indications of, 428 
recording thermometer, using a, 430 
RED system, 430-431 
serv icing, 427 

short-cycling, causes, 432-433 
stuck compressor, starting a, 431^432 
Tecumseh motor compressor terminals, 431 
temperature-pressure conditions, 

424-425 
test cords, using, 428, 429, 430 
test light, using a, 428 
ultrasonic leak detector, using an, 426 
voltmeter, using a, 428 
wiring diagram, locating the, 428 
hot gas automatic defrost, 390, 391-394 
cabinet, 390 
capillary tube, 390 
condenser, 390 
defrost cycle, 393 
driers, 390 
electrical, 393-394 
evaporator, 390 

mechanical components, 390, 392 
motor compressor, 390 
perimeter hot-tube system, 390, 392 
manual defrost, 384-387 
ambient compensator, 386 
cabinets, 385 
compartments, 384, 385 
cycle diagram, 386 
electrical circuits, 386-387 
hermetic compressor, 385 
mechanical components, 385 
motor control relay, 387 
perimeter drier, 386 
wiring diagram, 386 
side-by : side, 395-401 
Amana, 

air circulation, 400 

airflow, 399, 400 

cabinet, 399 

damper arrangement, 400 

defrost cycle, 400, 401 

electrical circuits, 401, 402 

evaporator, 400 

heaters (electrical circuits), 401 

mechanical components, 400-401 

power-saver switch, 401 

refrigerant control, 400 

wiring diagram, 402 
cabinets, 397 
General Electric, 

airflow, 397 

cabinets, 397 

diagnostic codes, 398 

electrical circuits, 398 

electronic control console, 398 

mechanical components, 397-398 

operation, 397-398 

refrigerant control, 398 

wiring diagram, 399 
refrigerators and freezers, 
controls, 309-310 
ambient temperature, 309 
effect of altitude on refrigerator 
temperatures, 310 
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controls, Continued 
ice maker controls, 310-314 
temperature ranges, 310 
hermetic systems, 
adjusting, 420-421 
cooling fans, 420 
electrical supply, 419^120 
grounding, 420 
ice cube makers, 421 
installing, 419 
leveling, 420 
plug types, 252, 420 
positioning, 419 
review of safety, 414 
shutting down, 421 
starting, 420-421 
uncrating, 419 
ventilation, 420 
insulation, 382 
registers, 886 

air ducts, 886 
relative density, 41 

specific gravity (sp. gr), 41 
relative humidity (rh), 54, 641, 729, 773 
control and ail circulation systems, 
duct systems, 947 
four-pipe systems, 947-948 
two-duct systems, 947 
cooling systems, 853, 854 
dehurnidifiers, 773, 845, 869-870 
humidifiers, 773, 842-847 
humidistat, 316, 844, 845, 1017 
water vapor saturation curve, 729 
relays, 250, 319-324, 1001-1002, 1004 
amperage, 320 

checking and testing, 323-324, 325 
contactors, 1001 
current (magnetic), 319-320 
lockout, 1002 
make and break, 1002 
motor starting, 319-324 
potential (magnetic), 319, 320-321 
solid-state electronic, 319, 323, 324 
starting, overload protection, 318 
thermal, 321-323 
thermostats, 985 

voltage-controlled, overload protection, 
318, 319 
relief valves, commercial, 538-539 
reluctance, 228 
remote, 947 

comfort cooling systems, 869 
central air conditioning plant, 855 
condensing unit, 855 
principles of operation, 869 
water-cooled, 869 
controllers, energy management systems, 

1026, 1027, 1028 
temperature sensing elements, 316 
replacing system components, 459-463 
condenser leak repairs, 461, 462 
preparation for, 459 

removing a hermetic compressor, 459^460 
removing refrigerant, 459 
repairing evaporators, 462 
servicing capillary tubes, 462, 463 
repulsion, magnetic, 225 
repulsion-start, induction-run motor, 260 

commutators and brushes, 260 
residential air conditioner, 853-869 
absorption systems, 696-702 
capacity characteristics, 700 
charging, 701, 702 
chilled water system, 696, 697 
construction, 699-700 
control circuit power, 700 
electromagnetic ignition, 700 
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gas and water single unit, 699 
guidelines, 701-702 
installation, 699-700 
operation, 696-699 
piping, 699-700 
processing ammonia, 696-699 
pump, 696 

self-contained unit construction, 700 
service, 701-702 
service valves, 701, 702 
residential central air conditioning systems, 
inspecting, 945-946 
installing, 942-945 
servicing, 946-947 
residential air quality systems, 750-752 
barometers, 752 

principles of operation, 38-39 
functions, 750-752 
manometers, 752 
principles of operation, 39, 40 
scales, 752 
uses, 752 
thermometers, 751-752 
residential forced air system design guide, 

1046-1047 
residual, 663 

resistance, refrigerant lines, 671 
resistance heating. See electric resistance 
heating; resistance heating systems 
resistance heating systems, 
heating coils, 
installation, 840 
servicing, 840-841 
resistance heating wire, 

supplementary electric heating, 836 
resistance in series and parallel circuits, 1126 
resistances of, 

conductors, semiconductors, and noncon- 
ductors, 1125 
resistors, 218 

color code, 1125, 1126 
restricted water flow, 606 

residential absorption air conditioners, 696 
restrictor, 696 
retarder, gauge, 90 
retrofitting, 337, 358, 377-378 

multizone ductless split systems, 865 
procedure variance, 378 
return air bypass, 

cooling systems installation with, 854 
return air ducts, 875 
air circulation, 875 
location, 875 
reverse cycle defrost system, 
evaporator defrosting, 506 
reverse return pipe systems, 816 
reversing valves, 923 
refrigerant controls, 922 
flow check piston, 923 
four-way, 195, 196, 923 
pressure-operated, 923 
solenoid pilot valve, 923 
TEV, 923 
three-way, 923 
ribbon gas burners, design, 793, 794 
Ringelmann Scale, smoke test, 

combustion efficiency, 903 
riser valves, 537, 538 
rivet tool, air duct construction, 883 
rod and tube thermostats, 985 
rods, 148 

connecting, 151-152 
roller, 

stationary blade rotary compressor, 160 
roof, 

construction, 1052-1053 
materials, 1037 



roof cooling, 

spraying, 784 
wet roof (swamp), 784 
rooftop units, 956-962 
heat pumps, 956 
installing, 959-960 
servicing, 960-962 
room air conditioners, 773-775 
condenser, 773 
evaporator, 773 
hermetic compressor, 773 
operation, 774-775 
schematic, 775 
through the wall, 773, 856 
window, 773, 856 
with electric heat, 775, 776 
room air movement, air circulation, 875 
room dehumidifiers, 773, 774, 869-870 
components, 773 
controls, 773 
humidistat, 773 
room humidifiers, 773 
controls, 773 
heating element, 773 
location, 773 

maintaining relative humidity, 773 
room thermostats, 985 
root mean square (rms) values, 
alternating current, 209 
calculating, 1126, 1127 
electrical efficiency, 242-243 
rotary compressors, 148, 158-161 
blade (vane) construction, 161 
blades, 158 
divider block, 160 
hermetic, 160, 161 
lubrication, 170 

rotary cylinder construction, 161 
stationary blade, 160, 161 
vanes, 158 
vapor, 158 
rotary cylinder, 
construction, 161 
end plate, 161 
exhaust valve reed, 161 
rotary compressors, 161 
rotary screw compressor chiller, 953-954 
rotary vacuum pump (oil-sealed), 467 

evacuation procedure, 467 
rotary-type oil pumps, gun-type burner, 825 
single-stage, 825, 826 
two-stage, 825, 827 
rotating blade compressors, 161 
blade (vane) construction, 161 
rotor- compressor construction, 161 
rotating disk humidifiers, 844 
rotating drum humidifiers, 844 
rotating vane compressors, 159-160 
rotor, 

centrifugal compressors, 168 
helical, screw compressor, 163-164 
rotor-compressor construction, 161 
rotating blade compressor, 161 
stationary blade compressor, 161 
round ducts, 

determining perimeter, 878 
rubber, 

insulation values, 640 
run capacitor, 268 

oil-filled, 260, 261, 283 
window units, 861, 862 
running windings, 262-263 
rupture disk, relief valves, 538, 539 

s 

saddle valve, 135, 442, 443 

SAE (Society of Automotive Engineers), 62, 69 
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safety stat, 761 
saturated conditions, 3S7 
saturated vapor, 54, 648 
Saybolt Seconds Universal (SSU), 

unit of measure for refrigerant oil, 679 
Saybolt Universal Viscosity Test, 1133 
SBS (Sick Building Syndrome), 746 
scale, 815 

preventing, 604 

salts, 815 
Schrader, core valves, 443 
Scotch yoke, 157, 1063 

crankshaft pin, 157 

crankthrow, 157 

piston, 151, 152 

reciprocating compressor, 157 
SCR (silicon controlled rectifier), 224, 236 
screens, 

remove solids from air, using to, 903 
screw compressors, 148, 163-165 

chilled water systems, 952-954 

helical rotors, 163 

oil injection, 164 
screwdrivers, 83, 84 
scroll compressors, 148, 161-163 

automotive, 1063-1064 

chilled water systems, 952, 953 

design, 162 

fixed scroll, 161 

orbiting scroll, 162 

variable displacement, 1063-1064 
sealed combustion furnace, 

packaged terminal air conditioners, 865 
season performance factor (SPF), 920 
seasonal energy efficiency ratio (SEER), 278, 
681-683, 1119 

calculating, 683 

converting from heating machine to cooling 
machine, 683 

formula, 683 

rating system in U.S., 681-682 
seats, 

bellows automatic expansion valve, 178 
Second Law of Thermodynamics, 50, 1120 
secondary air, combustion, 790 
SEER. See seasonal energy efficiency ratio 
selective absorber surfaces, 

solar energy systems, 971-972 
self-contained comfort cooling systems, 

console units, 855 

multizone ductless split systems, 
855, 865 

package terminal units, 855, 864-865 

principles of operation, 855-865 

residential air conditioner unit, 
absorption, 700 

window units, 855, 856-864 
semiautomatic defrost controls, 326-327 
semiconductors, 118, 223-224 

N-type and P-type, 118 

solar cell, 979 

thermoelectric refrigeration, 118, 715-716 
sensible heat, 44 
sensing bulb, 

mounting, 192-193 

temperature control principles, 300-301 
sequential controls, 

energy management systems, 1026 

operating controls, 1004 
series circuit, 220-221, 295 
series-parallel circuits, 221 
serpentine belt, 289, 290, 1065 
service contracting, 628, 1094, 1099-1101 
service cylinders, 355-356 
service estimates, 628 
service load, 642 
service notes, 625 



service organizations and industry associa- 
tions, 1110-1111 
service summary, 

commercial refrigeration systems, 625 
service valves, 98-99, 135, 168 
adaptors, 438-444 
commercial, installing, 580-581 
compressor high-side, 136, 137 
compressor low-side (suction) service 

valve (SSV), 135, 137 
hermetic systems, 438-444 
high-side (HSV), 125 
liquid receiver (LRSV), 125 
one-way, 98 
process tube, 440 
purposes, 439 

residential air conditioner, 701, 702 
SAE specifications, 1071 
two-way, 98-99 
serviceable heraietics, 158, 478 

compressor housing-crankcase, 158 
servicing, 

commercial systems, 590-630 
electric motors, 282-292 
small hermetic systems, 417-172 
servicing and troubleshooting, 1085-1103 
settlement chambers, 

removing liquids from air, 904 
shaded-pole motors, 279-280 
shake maker, 561 
shelf- type evaporators, 134, 136 
shell and coil condensers, 490, 491 
shell and tube condensers, 490-491 

water-cooled condensers, 668 
shell condenser, 139 
shell-type evaporators, 134 
short circuit, 212 
short cycling, 
causes, 432-433 

troubleshooting commercial systems, 627 
SI metric units, 

area measurement, 34 
energy, 50 
enthalpy, 52 

First Law of Thermodynamics, 44 
force, 41-42 
heat, 42, 44 
latent heat, 46 
linear measurement, 33 
pascal, 37 

perfect gas equation, 53 
power, 42-43 
pressure measurement, 39 
refrigerating effect of ice, 48 
review of abbreviations and symbols, 57 
sensible heat, 45 

specific heat capacity measurement, 45 
ton of refrigeration effect, 49 
volume measurement, 35 
weight and mass, 37 
work, 42 
Sick Building Syndrome (SBS), 746, 1033 
causes, 746 
symptoms, 746 
sight glasses, 110, 540-542, 1081 
condensing units, 596-597 
liquid line filter-drier, 139 
refrigerant lines, 540-542 
electronic, 541 
location, 540 

moisture indicators, 541-542 
signal arm, ice maker controls, 314 
silica aerogel, insulation values, 640 
silica gel, solid driers, 457, 542, 1129 
silicon carbide, 

hot-surface ignition systems, 805 
silicon controlled rectifier (SCR), 224, 236 



silver chloride, 124 
sine wave, 235 
single control, 

temperature, 812, 814 
single return systems, 

air ducts, 878 
single screw compressor, 164 
single-duty display cases, 553 
single-pass recycle machine, 372 
Single-phase, 

electric motor, 258 

motor properties (chart), 273 
single-pipe system, 

steam heating, 819 
single-service-line technique, 452, 453 
single-source energy, 1120 
single-stage rotary-type fuel oil pump, 

825, 826 
single-stage vacuum pumps, 467 
single-thickness flare, 66-67 
single-unit mechanism, commercial, 475 
sinusoidal, 235 

skin temperatures, climate, 741 
slant-type evaporators, 

unitary central air conditioning systems, 
937 
slide indicators, 

combustion efficiency, 902 
sling psychrometer, 732 
slip ring system, 286 

motor lubrication, 286 
slotted gas burners, 793, 794 
slugging, refrigerant, 180, 203 
Smart Valve system control, 793 
smoke, 

air measurement instruments, 900 

as a velocity indicator, 900 

dampers, 888 

detectors, in relation to air ducts, 892 

generator, draft measurement, 900-901 

outdoor air contaminants, 745 

photoelectric device, 888 

test (combustion efficiency), 902-903 
snap -action, 

toggle mechanism, 301 

two-temperature valve, 525-526 
snow making, 

atmospheric conditions, 721 

evaporative refrigeration, 104-105 
snow melting, 

radiant heating systems, 840 
Society of Automotive Engineers (SAE), 

1008 mild steel, 62 

flared tube fittings, 69 
soda fountains, 

compartments, 559 

cycle, 559 

ice dispenser, 559, 560 

schematic, 560 
sodium pentachlorophenate, 

use in hydronic systems, 817 
soft copper tubing, 

annealed, 61 

flare, 61-62 

SAE standards, 62 

work hardening, 62 
solar cell, 

construction, 979-981 

converting solar energy to electricity, 979 

efficiency, 981 

inverter, 237 

N-type and P-type semiconductors, 979 

performance, 981 

photovoltaic solar cell applications, 979-981 
solar energy, 969-982 

absorption systems, 702 

alternative heating systems, 842 



1206 



Modern Refrigeration and Air Conditioning 



solar energy. Continued 
cell. See solar cell 
collectors, 971 
angle, 972-973 
covers, 972 

heat insulation of surface, 973 
constant, 970 

converting to electricity, 979-981 
cooling systems, 978-979 
domestic water heating, 976 
electromagnetic energy, 969 
electromagnetic wave, 970 
flux, 970 

heat pumps, 931-932 
heat sources, absorption systems, 686 
incident radiation, 970 
infrared radiation, 970, 971 
light radiation, 970 
nature of, 969-971 
review of safety, 981 
solar constant, 970 
space hearing installations, 974-976 
forced convection in a dosed water system 

974, 975 
natural convection closed water, 974 
warm air heating, 974, 976 
storage systems, 973-976 
closed water system, 973-974 
antifreeze, 974 
ethylene glycol, 974 
methods, 974 
propylene glycol, 974 
storage tank capacities, 974 
domestic water heating, 976 
principles of operation, 973 
warm air system, 974 
supplementary heat, 976-978 
electric resistance heating, 977 
heat pumps, 977-978 
oil and gas hearing, 977 
systems, 971-973 
active, 971 
heat circulation, 971 
heat storage, 971 
hybrid, 971 
passive, 971 
radiation collection, 971 
selective absorber surfaces, 971-972 
ultraviolet radiation, 970, 971 
units of measurement, 970 
water heating, 976 
soldered or brazed tubing fittings, 69-70 
brazing, 73-75 
cleaning the brazed joint, 75 
swaging copper tubing, 75-76 
tube couplings, 75 
soldering, 69, 70-73 
flux, 71, 72 

repairing aluminum evaporators, 462 
swaging, 71, 75-76 
solenoid, 228 
solenoid valves, 
equalizers, 197 

evaporators, types, servicing, 618 
four-way valve, 195, 196 
hot gas defrost problems, 458-459 
hunting, 198-199 
pilot valve, 923 
pilot-operated, 196-197 
principles, 194-199 
reversing valve, 923 
thermostat, 195 
three-way valve, 195, 196 
two-way valve, 195, 196 
types, 195-197 
solid absorbent refrigeration, 124-125 
adsorption, 686 



ammonia, 1 24-125 
Faraday, Michael, 124, 125 
lithium bromide, 124 
lithium chloride, 124 
silver chloride, 124 
solid driers, 
alumina gel, 457 
silica gel, 457 
synthetic silicates, 457 
solid fuel, alternative heating systems, 
841-842 
coal and wood, 841-842 
solids, 40 

solid-state electronic relays, 323-324 
checking and testing, 323-324 
diacs, 323 
diodes, 323 
positive temperature coefficient resistor 

(FTCR), 323 
silicon-controlled rectifiers (SCRs), 323 
solid-state transistors, 323 
rriacs, 323 
solid-state electronics, 223-224 

applications, 235-242 
solid-state thermostats, 985 
solubility, 346 
solution pump, 

residential air conditioners, 696 
ammonia, 696, 697, 698 
function, 696 
solvents and cleaning, 97, 1138-1139 
sone, 757 

obtaining value, 757 
sound, 756 

dB and dBA scales, 756 
frequencies, 756 

Hertz (Hz), unit of measurement, 756 
loudness, measuring, 756 
measuring instruments, 756, 757 
noise dosimeter, 757 
pressure level (SPL), 756 
principles, 755-758 
sound level meter, 757 
strength, measurement of, 756 
tolerance limits, 757 
space and hot water heating, 798 
special thermostatic expansion valves, 194 
specific enthalpy, 52 
specific gravity (sp. gr), 41 

relative density, 41 
specific heat, 649 
air, 728 

and latent heat (chart), 639 
capacity, 44-45 
foods (chart), 639 
formula, 893 

load, water-cooling loads, formula, 660 
refrigeration cycle, 649 
adiabatic compression, 649 
confined to a constant volume, 649 
under constant pressure, 649 
specific volume, 41 
commercial, 662 
compressors capacities, 662 
refrigerants, 662 
SPL (sound pressure level), 756 
splash system, lubrication, 170 
split air dampers, 887 
split system (geothermal), 925 
split-phase (SP) motor, induction, 259, 266, 267 
counter emf, 259 
electrical degrees, 259 
energized (windings), 259 
hermetic, 266, 267 
squirrel-cage winding, 259 
split-system, 
controls, 1021 



heat pumps, 925 
spot cooling, 715 

spray cooling refrigeration system, 714-715 
electrical heaters, 714 
header system, 714 
liquid carbon dioxide, 714 
liquid nitrogen, 714 
safety, 714 
spray tubes, 609 

commercial ice makers, 609 
spring discharge header safety, 153 
spring-loaded relief valves, 538, 539 
spring-loaded to close fire dampers, 888 
squirrel-cage winding, 259 

split-phase induction motor, 259 
SSU {Saybolt Seconds Universal), 679 
SSV (suction service valve), 125, 135 
stack thermometers, 901 
stack thermostats, 985 
stainless steel evaporators, repairing, 462 
stainless steel tubing, 63 
standard air, 1120 
standard motor data, 278 
common wire, 278 
hot wire, 278 

identification plate information, 278 
standard pressure, 1120 
standard procedure (troubleshooting), 1086 
standard temperature, 1119 
evaporator and condenser, 338 
pressure sample, 1120 
standing-pilot ignition system, 804 
start capacitors, 268 
starting and running windings, 262-263 

current, 262, 263 
starting capacitor, 

electrolytic-dry, 260, 261, 283 
window units, 861, 862 
starting current, 263-264 
locked rotor amperage, 264 
protective devices, 264 
starting relay, 259, 319-324 
start-up check sheet, 806, 807 
starve, 178, 187 

superheat, 187 
state of equilibrium, refrigerants, 337 
static, 139 

electricity, 208 
head, refrigerant lines, 675 
stationary blade compressors, 160 
eccentric, 161 
impeller, 160, 161 
roller, 160 

rotor-compressor construction, 161 
stator, 257, 258 

and rotor construction, 168 
status monitoring, 1027 
steam, 28 
cleaning, 97 

heat sources, absorption systems, 686 
heating systems, 819-820 
checking water levels, 820 
installation, 820 
radiators, 819 
safety inspection, 820 
servicing, 820 
single-pipe system, 819 
two-pipe system, 819 
jet, 718, 781 

jet cooling, 718, 781-782, 783 
air conditioning systems, 781-782 
water as a refrigerant, 354, 781 
refrigeration, 781, 783 
steel, 161 
blade (vane) construction, 161 
tubing, 62 
tubing, liquid line, 139 
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stellite needles, 178 
step-down transformer, 246 
Sterling, Robert, 724 
Sterling cycle, 724-725 
stones, solar energy storage, 974 
storage cylinders, 355 
straight shaft eccentric, 156 
strainer, 184 

continuous absorption systems, 693 
thermostatic expansion valve (TEV), 184 
stratification, 743, 875 
air, 874 
eliminating, 874 
grille location, 874 
thermostat location, 874 
stratosphere, 728 
stroke (piston), 662 

stuck motor compressor, 291, 292, 431-132 
subcooling, 

commercial, 475-477 
adding to existing systems, 475, 477 
sublimation, 

dry ice, 51, 118 
suction lines, 134 

accumulator, 125, 134, 529 
commercial, servicing, 623 
compression cycle, 134 
compressor low-side, 135 
filter-driers, 134, 543 
flash gas, 134 

frost back, cause, 178, 433, 681 
problems, 678-680 
sizes, R-12, 677, 678, 679 
suction service valve (SSV), 135 
sweat back, cause, 681 
suction pressure valves, 

compression system refrigerant controls, 203 
suction service valve (SSV), 125, 135 

compression cycle, 135 
sulfur candle, 352, 706 
sulfur dioxide (S0 2 ), 
air composition, 728 
as a refrigerant (R-764), 351 
outdoor air contaminants, 745 
product of fuel oil combustion, 821 
summer design temperatures (chart), 

heat leakage loads, 635 
sun heat load, 1042, 1043 
building surfaces, 741 
effect of colors, 741 
radiant heat, 741 
superheat, 185, 187, 645 
minimum stable signal (MSS) setting, 187 
refrigeration eyrie, 645 
starve, 187 
superheated vapor, 648 
supermarkets, 548 
condensing units, 548 
layout, 548, 549 

refrigeration systems, adding to, 475, 477 
supplemental resistance heaters, 

heat pump systems, 929 
supplementary heat, 976-978 
electric heating, 977 
heat pumps, 977, 978 
oil and gas heating, 977 
solar energy, 976-978 
supply and drain connections, 

water coolers, 562 
surge tanks, 

commercial, 528 
surging, 198-199 
swaged, 75 
swaging, 71 

copper tubing, 75-76 
swamp cooling, 784 
swash plate compressor, 157-158 



automotive, 1061-1 062 
sweat back, suction line, 178, 433, 681 
sweet water, 51 

bath, 500 

immersed evaporator, 500 

liquid-cooling immersed evaporators, 500 
swimming pools, 

solar heating of water, 976 
swing, temperature, 992 
swinging vane velocimeters, 737-738 
switches, 

power-saver, 401 

pressure-controlled electric, 170 

safety interlock, 796 

types, 252-253 
synchronous speed, 261 

motor speeds, 261 
synthetic, 342 

dust weight arrestance, 749 

silicates, solid driers, 457 
system capacity, 661, 662 
system lag, 994 

T 

TAB, 899 

tandem assembly motor compressors, 480, 481 

taps, 85-86 

American Standard Taper Pipe Thread 

(ASA), 85 
metric, 85 

National Coarse (NC), 85 
National Fine (NF), 85 
tap-drill sizes, 85 
chart, 86 
TDC (top dead center), 151 
technical characteristics, 1113-1139 
See page 1113 for alphabetical listing of 
topics 
technician certification, 367, 1105 
preparing for exams, 1105-1112 
Tecumseh motor compressor terminals, 431 
TEM (total energy management), 1022-1028 
temperature, 28-30 

absolute scales, Kelvin and Rankine, 29-30 
air, 731-732 
dry bulb temperature (db), 731 
measurement, 731 
psy chrome trie charts, 732-735 
wet bulb, 731-732 
ambient, 49 

refrigeration cycle, 645 
compression cycle, 132 
critical, 52 
cryogenic, 52, 1136 
food freezing, 568 
difference (T.D.), 
calculations, 33 
control of heat flow, 51 
dispensing freezers, 559 
display cases, 553-554 
effect of altitude on refrigerator, 310 
evaporating, 46 
foods (chart), 639 

frozen food open display cases, 555 
ice cream cabinets, 558 
limit switches, 991 
measurement, 28-30 
of water, freezing, 47 
range, 
adjustment, 304, 305 
refrigerator and freezer controls, 310 
remote sensing elements, 316 
above-atmospheric-pressure, 316 
below-atmospheric-pressure, 316 
designs, 316 
requirements, storage of refrigerated 
foods, 568 



rise, 278 

settings, water coolers, 563 
survey, 597-598 
swing, 992 

thermometer scales, Fahrenheit and 
Celsius, 29 
temperature alarm system, 303 

food freezer, 303 
temperature and pressure conditions in the 
compression cycle, 132-134 
Boyle's law, 133 
Charles' law, 133 
pressure, 132 
temperature, 132 
vapor molecules, 133 
temperature control, 
bimetal, 301-302 
mercury switch, 301 

strip temperature control device, 301, 302 
thermostat, 302 

thermostatic control mechanism 
construction, 302 
commercial, ice maker, 519 
electronic (solid-state), 302-303 
hydronic heating systems, 812-814 
mechanisms, 300 

multizone ductless split systems, 865 
sensing bulb, 300-301 
temperature control bimetal, 301-302 
thermostatic control mechanism construc- 
tion, vapor pressure, 301 
volatile liquid, 300 
temperature conversion, 32-33 
Celsius to Fahrenheit, 32 
Celsius to Kelvin, 32 
Fahrenheit to Celsius, 32 
Fahrenheit to Rankine, 32 
Kelvin to Celsius, 32 
Kelvin to Rankine, 32, 33 
Rankine to Fahrenheit, 32 
Rankine to Kelvin, 32 
table, 1118-1119 
temperature-operated (thermostatic) motor 
control, 146 
thermostats, 146 
tempera tu re -op era ted two- temperature 

valve, 524 
temp erature-pressure, 
average conditions, 424 
chart, 359 
curve for water, 47 
determining, 424 

using a high-pressure gauge, 424, 425 
using a temperature chart recorder, 424, 425 
temperature-related illnesses, 753 
measurement of heat stress, 753 
thermal disorders, 753 
test cords, 

troubleshooting the refrigerator-freezer, 
428, 429, 430 
test light, 

diagnosing electrical problems, 428 
tetrafluoroethane. See R-134a 
TEV. See thermostatic expansion valve 
theory of matter, 1121 
thermal conductance (K), 635 

heat leakage loads, 635 
thermal conductivity, 1035 
thermal disorders, 

temperature-related illnesses, 753 
thermal element switches, 1004 
thermal energy storage compounds, 1136 
thermal insulation values (chart), 1039 
thermal precipitation, 910 

air cleaning, 910 
thermal relays, 321-323 
bimetal strip, 321, 322 
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thermal relays, Continued 
resistance wire, 321, 322-323 
types, 321 
thermal resistance R-values (chart), 1039 
thermal shock, 753 

thermal -electric expansion valve (THEXV), 
177 
automatic refrigerant flow controls, 177 
off cycle operation, 189 
solid state, 189 
thermistors, 189 
thermistor vacuum gauge, 464 
thermistors, 29, 238-239, 277 

electronic (solid-state), 277, 302, 303 
thermal-electric controlled 
expansion valve, 189 
thermocouple, 

and thermoelectric, 239, 240 
continuous absorption systems, 693-694 
vacuum gauge, 91 
thermodynamics, 645 
ambient temperature, 645 
effect of pressure on latent heat, 647-548 
effective latent heat, 645 
first law of, 44, 1120 
flash gas, 647 

latent heat of vaporization, 645 
laws, 44, 50, 1120 
practical pressure-heat cycle, 649 
pressure-heat areas, 647 
pressure-heat chart, 647 
pressure-heat diagram, 645-647 
refrigeration cycle, 645-650 
saturated vapor, 648 
second law of, 50, 1120 
specific heat, 649 
superheat, 645 
superheated vapor, 648 
thermoelectric refrigeration, 118, 715-716 
cooling units, 716 

coefficient of performance (COP), 716 
electrical circuit, 716 
electrical circuit, reversing switch, 716 
modules, 716 

N-type and P-type semiconductors, 118, 716 
properties, 715-716 
semiconductors, 118, 716 
thermo-humidi graphs, 731 
thermo-hygrograph thermometers, 

air quality systems, 751 
thermometer-pyrometer, 28 
thermometers, 28, 89 

air conditioning, 751-752 
air quality systems, 751-752 
battery-powered digital, 88 
cabinet, 413, 414 
dial, 88, 752 
dial-stem, 88 
digital, 28-29 
electrical, 88 
glass-stem, 28, 88 
infrared, 1114 
Kata, 1113 
laser-sighted, 29 
maximum and minimum, 89 
mercury, 89 
recording, 430, 751 
scales, Fahrenheit and Celsius, 29 
stack, 901 

thermo-hygrograph, 751 
wet globe, 751-752 
thermostatic control mechanisms, 
bimetal thermostat, 302 
commercial, 513, 514 
switches (automotive), 1077-1078 
thermostats, 146 
two-temperature valve, 526 



vapor pressure, 301 
contracts (bellows), 301 
permanent magnet mechanism, 301 
snap action toggle mechanism, 301 
thermostatic expansion valve (TEV), 108, 
109, 180-194, 318 
adjusting, 616, 617 

automatic refrigerant flow controls, 177 
capacities, 193-194 
design, 183-185 
diaphragm type, 184 
direct expansion evaporators, 616-617 
flash gas, 184-185 
gas cross-charged sensing element, 

adsorption, 188-189 
gas- charged sensing element, 188 
heat pump systems, 
refrigerant controls, 923 
reversing valves, 923 
liquid cross-charged sensing element, 188 
liquid-charged sensing element, 187 
orifice sizes, 681 
pressure limiters, 189, 191-192 
principles, 180-194 
rapid pressure balancing (RPB), 184 
refrigerant control capacity, 680-681 
refrigerant flow control, 140, 142-143 
sensing bulb mounting, 192-193 
special, 194 
superheat, 185-187 

thermal-electric (solid state) expansion 
valve, 189 
thermostatically controlled expansion valve. 
See thermostatic expansion valve (TEV) 
thermostats, 146, 762, 984-1000 
air conditioning and heating, 984 
ambient temperature correction, 986 
applications, 985 
bimetal, 302 
bonnet safety, 985 
combination, 994-995 
contact point bounce, 987 
control, window units, 856, 859 
cooling, 984, 994 
droop, 989 
electronic, 995-998 
guards, 1000 

heat anticipators, 993-994 
heat lag reduction, 991 
heating, 984, 989-994 
short-cycling problems, 991 
those that control air circuits 

(pneumatic), 985 
those that control combination 
(electric/ pneumatic), 985 
those that control electrical circuits, 985 
heating-cooling, 984 
hydronic, 999 
installing, 303 
line-voltage, 986 
droop, 992 
operation, 988-989 
swing, 992 
location and servicing, 999-1000 
low-voltage, 986 
classifications, 989 
thermostat droop, 989 
millivolt, 989 
motor control, 146 
multistage, 998-999 
operating elements, 985-986 
bellows, 985 
bimetal strip, 985, 987 
diaphragm, 985 
electrical resistance, 985 
hydraulic, 985 
mercurv contacts, 987 



mercury switch (SPDT), 987 
rod and tube, 985 
operation, 985-989 
portable, 999 
programmable, 984-985 
relays, 985 
room, 985 

servicing and testing, 303-304 
solid-state, 985 
stack, 985 

temperature limit switches, 991 
thermometer-type, 987-988 
time-operated, 998 
troubleshooting guide (chart), 1000 
vapor pressure type, 301 
work-harden, 303 
THEXV (thermal -electric expansion valve), 

177, 189 
three physical states, 39-41 
gases, 41 
liquids, 40-41 
solids, 40 
three-phase electric motor, 258 
three-way reversing valves, 

heat pump system refrigerant controls, 923 
three-way solenoid valves, 195 
three-way valves, commercial, 

installing, 581 
through-th e- wa] 1, 

complete air conditioning systems, 962 
room air conditioners, 773-774, 856 
throw, 

air circulation, 875 
throwaway fillets, 

servicing, 904-905 
tilt control system, 

continuous absorption systems, 694 
timed on-off control, 299 
time- delay fuses, 274 
time-operated thermostats, 998 
timers, 1004 

commercial defrost, 520-524 
timer-thermostats, 998 
ton of refrigeration effect, 49 
tools. See specific tool 
top dead center (TDO, 151 
torque, 273 

stand, 619 
tore, 38, 467 
total air balance (TAB), 

balancing the air duct system, 899 
total energy management (TEM), 
1022-1028 
energy audit, 1023, 1024-1025 
energy consumption, 1023, 1026 
energized systems, 1026 
human systems, 1026 
nonenergized systems, 1026 
energy utilization index (EUI), 1023 
heat loss or gain, influencing factors, 1026 
equipment, 1026 
infiltration, 1026 
lighting, 1026 
occupants, 1026 
solar, 1026 
transmission, 1026 
ventilation, 1 026 
system determination and usage, 1023 
total energy systems, 963-965 
absorption systems, 964 
advantages, 964 
generation of electricity, 964 
use of exhaust heat/ gases, 964, 965 
total heat load, 634, 641-644 
formula, 643 
using tables, 643-644 
total latent heat, 647 
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total pressure drop system, 

calculating air ducts, 896, 897-898 
determining pressure drop, 897, 898 
Total Resources Cost (TRC) test, 920 
toxicity, 338 

of refrigerants, 338 
transducers, 239 
transfer of heat, 
conduction, 50-51 
convection, 51 
radiation, 50 
transformer principles, 245-249 
line voltage transformers, 247-249 
three-phase four- wire transformer, 249 
transistors, 237-238 
transmission, 1026 
transparent charging cylinder, 452 
transportation refrigeration, 709-715 
expendable refrigerant systems, 713-715 
marine refrigeration, 713 
railcar refrigeration, 713 
refrigerated containers, 715 
truck refrigeration, 709-712 
tricMorofluoromethane. See R-ll 
trichlorotrifluoroethane (R-113), 336 
trifluoromethane <R-23), 336, 337 
triple evacuation, hermetic systems, 463, 466 
pressure testing, 
using carbon dioxide, 466 
using nitrogen, 466 
safety, 466 

single-stage vacuum pumps, 467 
thermistor vacuum gauge, 464 
trisodium phosphate, 

use in hydremic systems, 817 
troposphere, 728 
troubleshooting, 1085 
charts, 422, 423, 1087 

commercial refrigerating systems, 625-628, 
669-670 
capillary tube, 625, 626, 627 
compressors, 598-599 
direct expansion evaporators, servicing 

TEVs, 615-616 
direct expansion unit, 626, 627 
effect of air in system, 669 
effect of heat exchanger, 670 
effect of lack of refrigerant, 669 
evaporators, two-temperature valves, 

617-618 
excessive condensing pressure, 670 
excessive suction line pressure drop, 670 
fuel oil burner (servicing outline), 

833-834 
low or no refrigeration, system runs 

continuously, 626 
no refrigeration, unit runs 

continuously, 627 
noisy unit, 627-628 
normal or excessive refrigeration, motor 

running continuously, 627 
short cycling, 627 
water-cooled condensers, 606 
energy management systems, 1029 
flame, 810-811 
heat pumps, 934 
heating coils, 841 
ignition systems, 808-810 
procedure, 1086, 1087 
refrigerator-freezer, 421^(27 

chart, 422-123 
window units, 861-862 
truck and bus air conditioning, 1078 
truck refrigeration systems, 709-712 

trailer body construction, 709 
tube, 

constrictor, 76 



couplings, 75 
cutter, 64 
fittings, flared, 69 
tube-within-a-tube condensers, 139 
commercial, 490, 491^92 
water-cooled condenser, 491 
commercial, 668 
tubing, 61-64 

air conditioning and refrigeration (ACR), 

61 
annealing, 68 
bending, 64-66 
brazed connections, 73-75 
commercial, installing, 578-579 
connecting, 66-69 
copper, 61, 62 
liquid line, 139 
swaged, 75 
cutting, 64, 65 
fittings, 61-64 
brazing, 73-75 
soldered or brazed, 69-70 
soldering, 70-73 
tube couplings, 75 
flared connections, 66-68 
annealing, 68 

double-thickness flare, 67-68 
single-thickness flare, 66-67 
flared tube fittings, 69 
hard-drawn copper, 62 
hose, flexible, 63—64 
metric tube sizes, 63 
nominal-size copper, 62 
oil tank installation, 829-831 
permeable, 467 
plastic, 63 
polyethylene, 63 
soft copper, 61 
annealed, 61 
flare, 61-62 
work hardening, 62 
soldering, 70-73 
stainless steel, 63 
steel, 62 

liquid line, 139 
swaging, 71 
copper, 75-76 
tubular-cased wire heating elements, 

electric resistance heating, 837 
twist drills, 84-85 
safety, 85 
sizes, 1137, 1138 
two-duct systems, 

central air conditioning, 947 
two-phase electric motor, 258 
two-pipe system, 819 
steam heating, 819 
two-position on-off control, 298 
two-speed heat pumps, 

heat pump systems, 921 
two-stage compressor, commercial, 664 

compression ratio, 664 
two-stage rotary-type fuel oil pump, 

825-827 
two-stage vacuum pump, 463, 467 

hermetic systems, 463 
two-temperature valves, 110, 524-526 
evaporators, 
installing, 618 
metering, 617 
servicing, 617-618 
snap-action, 617 
solenoid valve, 617 
thermostatic, 617 
troubleshooting, 617-618 
two-way valves, 98-99 
commercial, installing, 581 



Type I Certification, 

small appliances, 1107 
Type II Certification, 

high- or very-high-pressure appliances, 
1107 
Type III Certification, 

low-pressure appliances, 1107 
Type IV Certification, 

universal certification, 1107 

u 

U traps, refrigerant suction lines, 679, 680 
U.S. conventional units, 34-57 
angular measurement, 35-36 
area measurement, 34 
energy, 50 
enthalpy, 52 

first law of therm odynamics, 44 
force, 41 

heat measurement, 43 
linear measurement, 33 
power, 42 

pressure measurement, 38 
review of abbreviations and symbols, 57 
ton of refrigeration effect, 49 
volume measurement, 34-35 
weight and mass, 36 
work, 42 
U.S. Department of Commerce, fuel oils, 820 
ultrasonic, 426 
humidifiers, 844 
leak detectors, 446, 447 
using to locate and eliminate noises, 426 
ultraviolet, 

fluorescent leak detection, 446, 1079, 1080 
lamps, 552 
safety, 552 

use in walk-in cabinets, 552 
light, air cleaning, 910-911, 929 
installation and location, 910-911 
lamp life, 911 
ozone production, 911 
radiation, solar energy, 969, 970 
under-floor heating systems, 812 
Underwriters Laboratories, 275 

motor connections, 264 
unit heaters, 789 
locations, 799 
types, 799 
unit of heat, 43^16 
Btu, 43 

First Law of Thermodynamics, 44 
latent heat, 45-46 
sensible heat, 44 
SI metric units, 43, 44, 45 
specific heat capacity, 44-45 
U.S. conventional units, 43, 44 
unit of pressure, 

pascal, 37 
unit pressure drop system, 
calculating air ducts, 896-897 
friction air chart, 896, 897 
unitary central air conditioning systems, 

936-940 
units of measure. See specific units 
unloaders, 172 

commercial compressors, 487 
electrically operated, 172 
hydraulically operated, 172 
mechanically operated, 172 
operated by solenoid valve, 172 
unloading device, 170 

lubrication, 170 
unloads, 679 
upflow furnace, 794, 795 
induced blower motor, 795 
principles of operation, 794 
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upright freezers, 407-409 

Frigidaire, 407, 408 

Whirlpool, 409 
usage heat gain chart, 644, 645 
U-values, 655, 1034 

blower evaporators, 655 
evaporators, 655 

for computing heat leakage, 1036 
liquid-cooling evaporators, 655 
natural convection evaporators, 655 



vacuum, 

deep (high) 463-466 
inches of mercury, 38 
measurement of, 38-39 
partial, 39 
perfect, 39 
triple, 466 
vacuum gauges, 
compound, 39, 468 
digital micron, 586 
electronic, 468 
McLeod, 91 
mercury barometer, 38 
mercury manometer, 39-40 
solid-state thermistor, 468 
thermocouple, 91, 468 
vacuum pumps, 
compound, 468 
high-vacuum, 467-468 
rotary, 467 
single-stage, 467 
two-stage, 467 
using, 469-470 
vapor, 467 
valves, 
access, 581 

adaptors, hermetic systems with, 439-440 
assemblies, 153 

automatic expansion (AEV), 178-180 
ball, 184 

check, 172, 202-203, 526-528 
applications, 526-528 
noise, 528 
compressor, 
high carbon alloy steel, 154 
high-side service, 136 
low-side or suction, 135 
condenser service, 536-537 
core (Schrader), 443, 444 
discharge shutoff, 153 
disks, 154 
exhaust, 153 
heating gas, continuous absorption 

systems, 693 
high-side service (HSV), 125, 136 
installing, 581 
intake, 153 

liquid receiver service (LRSV), 125, 580 
manual, 536-539 
applications, 536 
condenser service, 536 
installation, 537 
riser, 537-538 

shutoff, continuous absorption systems, 
693 
metering type, 524-525 

automotive air conditioning, 1068-1069 
one-way service, 98 
openings, compressor volumetric 

efficiency, 171 
piercing, 442-443 
bolted -on, 442 
brazed-on, 442^43 
installation, 442, 443 
plate, 153 
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cast iron, 153 
hardened steel, 153 
pressure regulating, 524-528 
absorption systems, 694-695 
continuous absorption systems, 693 
reeds, 154 
relief, 
fusible plug, 538-539 
rupture disk, 538, 539 
spring-loaded, 538, 539 
retainers, 153 
reversing, 195, 196, 923 
riser, 537-538 
safety shutoff, continuous absorption 

systems, 693, 694 
service, 98, 168 
compressor high-side, 136 
compressor low-side or suction, 135 
installing, 580 
snap-action, 525, 526 
solenoid, 526 

types of, 195-197 
suction service (SSV), 125 
thermostatic, 526 

thermostatic expansion (TEV), 180-194 
two-temperature, 524-526 
commercial, 524-526 
metering, 524-525 
pressure operated, 524 
snap-action, 525-526 
solenoid, 526 

temperature operated, 524 
thermostatic, 526 
types, 524 
two-way service, 98-99 
water, 533-536 
electric, 533 

motor operated, 533-535 
solenoid-activated, 533-534 
location, 533 

pressure-operated, 535-536 
thermostatic, 536 
valves and valve plates, 153-154 

compressor drive (external- drive), 156 
crankshaft seal, 154-156 
exhaust valve, 153 
intake valve, 153 

reciprocating compressors, 153-154 
valve plate, 153 
valve retainers, 153 
vanes, 

rotary compressors, 158 
vapor, 54, 107, 1131 
barriers, 736 

and insulation, 1050-1051 
degreasing, 97 
flash, 168 
gas, 54, 1131 
lock, 200 
molecules, 133 
pump (diffusion type), 467 
recover)' method, 370 
saturated, 648 
superheated, 648 
velocity, 679 
vaporization, 

latent heat of, 645 
vaporized, 821 

variable air volume (VAV) controllers, 1018 
variable control, 299, 891 
variable pitch pulleys, 288 

fans, air ducts, adjusting fan speed, 891 
varying capacity system. See modulating, 

refrigerating cycle 
V-belts, 156, 259, 1065 
cast iron, 156 
external-drive compressors, 156 



external-drive motors, 259 
motors, 168 
pulleys, 156, 288 
velocimeter, 737 
pitot tube, 738 
swinging vane, 737-738 
velocity, 

equivalents, 1117 
measurement, 736-739 
refrigerant, 676 
vending machines, 
applications, 564-565 
controls, 519-520 
necessary components, 565 
vent damper, 

use on chimneys, 803 
ventilation, 739-740, 1026 
air movement, 739 

calculating fresh air requirements, 876 
refrigerators and freezers, 420 
requirements, 
air changes, 877 
attic, 877 
basement, 877 
basic, 875-877 
cleaning impurities, 876 
determining, 876, 877 
negative pressure, 876 
oxygen content, 875 
positive pressure, 875, 876 
systems, servicing, 748 
venting, 

furnaces and chimney or exhaust gases, 
799-803 
make-up air units, 803 
hydronic heating systems, 818-819 
vents, 

attic ventilation methods, 877 
vertical shafts, 

fire dampers in, 888 
vibration absorbers, 540, 579 
viscosity, 97, 361, 451 
lubrication, 170 

refrigerant oil measurement, 679, 680 
Saybolt Universal viscosimeter, 679, 1133 
vises, 84 
volatile liquid, 

sensing bulb, 300 
volt, 212 

voltage drop, 210-211, 221-222 
voltage, lowering saves power, 1125 
voltmeter, 212, 214, 215 

checking outlet voltage, 419 
diagnosing electrical problems, 428 
volume, 

calculating cabinet, 640-641 
equivalents, 1116 
measurement, 34-35 
volumetric efficiency, 170, 663-664 

commercial compressor, piston operation, 

663 
formula, 171 
vortex, 717 
tube, 717, 782 
tube cooling, 
applications, 783-784 
cooling of protective suits, 783-784 
manual control, 784 
operation, 782-784 
schematic drawing, 717 

w 

walk-in cabinets, 550-552 
construction, 550-552 
doors, 551 
drainage, 552 
dual-temperature units, 551 
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florist cabinet, 552 

insulation, 551-552 

lighting system, 552 

safety latches, 551, 552 

use of ultraviolet lamps, 552 
wall-type Evaporators, 134 
Walsh-Healy Act, 756 
warm air defrosting, 506, 512-513 
warm air duct system, 

forced-air heating systems, 793 
warm air heating systems, 

humidifiers in, 843 

solar energy storage, 974 

solar space heating installations, 974, 976 
warm-air registers, 761 
water (H,0), 

air composition, 728 

unci ammonia, intermittent absorption 

system, 120 
as a refrigerant, 354, 718, 949 
brine and sweet, 51 

coil (heat pump systems), 924, 925, 927 
compressor cooling, 170 
continuous absorption systems, 687 688 

689 
coolers, 116-117, 316, 562-563 

bubblers, 563 

cabinet construction, 562 

controls, 316 

heat exchangers, 562 

heating service, 562, 563 

hermetic, 116 

supply and drain connecbons, 562 

temperature settings, 563 
evaporation, water-cooled condensers, 668 

evaporative cooling, 784-785 
hammer, 606 

heaters, heat pump, 932-933 
heating, 

hydronic systems, 811-819 

solar, 976 

steam systems, 819-820 
intermittent absorption system, 120-122 
manometers, 39, 40 
ozonized, 724 
quality, humidifiers, 845 

demineralized water, 845 

hard water, 845 

medium hard water, 845 

soft water, 845 

softened water, 845 
sprays, air cleaning, 910 
system, evaporator defrosting, 506 
temperature-pressure curve, 47 
treatment, cooling towers, 608-609 
valves, 

commercial, 533-536 

electric, 533-535 

pressure-operated, 533, 535-536 

thermostatic, 533, 536 
vapor saturation curve, 729 
vapor sources, dehumidifiers, 846 
water-cooled, 

commercial condensers, 139, 490-^92, 
667, 668 



Baudelot, 688 
capacities, 667-668 
cooling towers, 668, 780-781 
float valve water feed, 668 
installing, 606 
removing, 605 
repairing, 605 
servicing, 604-605 
shell and coil, 490 
shell and tube, 490, 491, 668 
tank, 668 
troubleshooting, 

excess water flow, 606 
restricted water flow, 606 
tube-within-a-tube condenser, 490, 

491-492, 668 
valves, removing, 607 
water circuit troubles, tracing, 606-607 
water evaporation, 668 
water valves, 

installing and adjusting, 607-608 
repairing, 607 
servicing, 605 
commercial receivers, repairing, 605 
console air conditioners, 865, 867 
water-cooling loads, 659-660 
commercial, 659-660 
calculating heat leakage, 660 
determining, 659-660 
specific heat load, formula, 660 
water-cooling towers, 492 
water-source heat pump, 771, 916 
wattage consumption, 283 
wattmeter, 217 
watts, 41^12, 217 
reading to determine motor troubles, 283 
wattage consumption, 283 
wax (hermetic systems), 434 
wax content, refrigeration oil, 97, 361 
weather, 740-741 
weight, 
air, 873-874 
equivalents, 1117 
weight and mass, 36, 37 
weight-loaded to close, fire dampers, 888 
weights and specific heats of substances, 

1114 
welding, 

equipment, 575-576 
repairing aluminum evaporators, 462 
repairing stainless steel evaporators, 462 
wet bulb temperature, 731-732 

reading, 731 
wet globe thermometers, 

air quality systems, 751-752 
wet roof cooling, 784 
wet rotor centrifugal pump, 812 
Wfteatstone bridge, 

temperature control principles, 302-303 
wick, 

heat pipe, 721-722 
motor lubrication, 286 
system, 286 
wind, 742 

Beaufort Scale, 742 



chill index, 742 

effects on heating systems, 742 
velocity chart, 742 
wind chill index (factor), 742, 743 
window heat load for cooling, 1044 
window units, 856-864 
air conditioners, 773-775 
capacitor replacement, 863 
capillary tube sizes, 863, 864 
handheld infrared controllers, 856 
installation, 856-859 
principle of operation, 856 
PSC (permanent split capacitor), 863 
running capacitor, 861, 862 
servicing, 859-864 
annual cleaning, 860 
fan and motor inspection, 359 
filter replacement, 859 
starring capacitor, 861, 862 
thermostat control, 856, 859 
troubleshooting, 861, 862 
winterizing, 863 
wire sizes, electrical cord, 251-252, 297 
wire-static condenser, 137, 139 
wiring, electrical, 
code, 250 

diagrams, 296, 297, 298 
display cases, 555 
insulation, 265 
wobble plate compressor, 157 
work, 42 
energy, 42 
foot-pound, 42 
formula, 42 
heat energy, 42 
joule, 42 

kinetic energy, 42 
power, 42 
SI metric units, 42 
U.S. conventional units, 42 
wotk hardening, 62, 303 
wrenches, 77-83 
adaptors, 82 
adjustable, 77, 79, 81 
box, 77, 80 
flare nut, 80, 1138 
hex key, 81 
open end, 77, 80-81 
pipe, 81 
safety, 79 
service valve, 82 
socket, 77, 79 
torque, 82 



zeotropic refrigerants, 337, 349-351 
blends, 337 

properties of, 349 

E-401A, 349 

R-406A, 349, 351 

safety, 349 
zerk fitting, 287 
zone controls, 

heating and cooling systems, 1021, 1022 

temperature, 812, 814 



